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ABSTRACT 
The neotropical genus Aechmea (Bromeliaceae, 
Bromelioideae) was used to study evolutionary and 
systematic questions. In total, 52 samples were sequenced 
representing 27 Aechmea species, 2 Lymania species, 2 
Bromelia species. Ananas comosus, and Cryptanthus 
beuckeri. Phylogenetic relationships were constructed from 
1779 base pairs of the chloroplast genome (827bp matk, 
952bp rpsl6) and 354bp of the nuclear genome (ITS2). 
Low sequence divergence (minimum genetic distance for 
all loci = 0) coupled with high morphological and 
ecological divergence of this group is indicative of a 
recent adaptive radiation. Phylogenetic relationships and 
presence of Panamanian endemic species in multiple clades 
suggests there were multiple invasions through the 
Panamanian Isthmus. Also, this data suggests a single 
reversion among sampled species from the CAM 
photosynthetic pathway to the ancestral C3 pathway {A. 
germinyana and A. veitchii). However, there were likely 
multiple instances where Aechmea species lost the capacity 
for epiphytism. 
The larger survey of the Bromelioideae (including 
matK Bromeiioideae sequences from a public database and 
those sequenced in this study) and the placement of 
ill 
Lyiaania within Aechmea for all loci sampled, suggest that 
Aechmea is polyphyletlc, and therefore, taxonomlc revision 
is in order. 
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CHAPTER ONE 
INTRODUCTION 
The Bromeliaceae 
Species can only exist in regions where historical 
forces (including evolutionary and geological events) have 
permitted their colonization, and where they have the 
physiological potential to carry out their life cycle 
under existing environmental conditions. Species of the 
Bromeliaceae (the Pineapple family) provide an example of 
how diverse life-form and physiological characteristics 
have allowed a lineage to radiate and occupy a broad range 
of geographical and ecological habitats (Benzing, 2000). 
Bromeliads are widely distributed throughout the new world 
tropics and sub-tropics, ranging from Chile and Argentina 
in the Southern Hemisphere to Mexico and the Southern U.S. 
in the Northern Hemisphere. Across their range, Bromeliad 
species are found over a broad spectrum of ecological 
habitats including wet and dry tropical forests, open 
savannahs, coastal plains, and cool montane habitats. 
Bromeliaceae is divided into three subfamilies, 
including Bromelioideae, Tillandsioideae, and 
Pitcairnioideae, with approximately 2800 species 
taxonomically described in the literature (Benzing, 2000). 
This study will focus on the genus Aechmea, which is 
within the Bromelioideae subfamily. With 227 described 
species provisionally classified into eight subgenera 
[Aechmea, Chevaliera, Pothuava, Podaechmea, Macrochordion, 
Ortgiesia, Lamprococcus, and Platyaechmea), Aechmea is a 
relatively well-characterized, species-rich group 
(Benzing, 2000; Bert & Luther, 2005). Furthermore, it is 
among the largest of the genera within the family and is 
the largest and most diverse genus within the sub-family 
Bromelioideae (Gelli de Faria et al., 2004), Aechmea is an 
interesting genus for a molecular phylogenetic study 
because (a) species of Aechmea are ecologically and 
taxonomically diverse, (b) among tropical plants, many 
members of this genus are relatively well studied, and 
(c) the phylogeny of this group, based upon morphological 
characters, is poorly resolved. 
Because Aechmea is a large genus, the efforts of this 
study cannot completely resolve its phylogeny. Rather, an 
interesting subset of species in this genus (those found 
in Panama) were analyzed and compared to taxonomic 
classifications previously set forth. Panama is a 
biogeographically unique region because it connects the 
South American land mass to the North American land mass. 
and by doing so provides a path for exchange of biological 
diversity between the continents. 
A full understanding of the ecology and evolution of 
the Aechmea species in Panama requires an appreciation for 
the great diversity exhibited across the pineapple family, 
which can only be understood in the context of adaptive 
radiation. This literature review will discuss adaptive 
radiation and key innovations as they relate to 
Bromeliaceae, the ecophysiology of bromeliads, and 
implications of presently observed biogeographic 
distributions. The aims of this study were to (a) examine 
the.molecular phylogenetics of Aechmea species in Panama 
to resolve biogeographic evolutionary questions by 
examining whether any patterns exist between present 
distributions and evolutionary history, (b) to investigate 
ecophysiological evolutionary questions by examining 
whether C3 is ancestral or derived for the genus, and 
whether the terrestrial life-form is retained in some 
species, or lost and independently evolved, and (c) to 
test the validity of the subgeneric classifications set 
forth by Smith and Downs (1979). This introductory 
chapter, aside from reviewing the aforementioned aspects 
of the Bromeliaceae, will examine published phylogenetic 
work within the Bromeliaceae as it relates to this study. 
Lastly, it will describe the molecular methods (including 
choice of markers and outgroups) used by this study, and 
provide background information on the analyses used. 
Evolutionary History of the Bromeliaceae 
The evolutionary history of the Bromeliaceae has been 
examined by a number of recent research efforts (Terry et 
al., 1997; Horres et al., 2000; Crayn et al., 2004; 
Givnish et al., 2004; Schulte et al., 2005). The earliest 
putative fossils of Bromeliads are dated at approximately 
40 million years old, however, the fossil record for this 
group is poor, because members do not typically grow in 
areas conducive to fossilization (Givnish et al., 2004), 
and therefore, it is not widely accepted that the origin 
of the Bromeliads occurred 40 million years ago. To obtain 
a better estimation of the evolutionary timeline of this 
group, phylogenetic trees (based on ndhF sequences) 
including other closely related plants with a more 
complete fossil record were used as a comparison. Using 
this method, Givnish et al. (2004) suggested the stem 
lineage of the Bromeliaceae arose approximately 84 million 
years ago in the Guyana Shield of Brazil. The crown 
radiation, the radiation in the stem lineage leading to 
all extant species, of Bromeliaceae is believed to have 
occured approximately 23 million years ago. These 
estimations of divergence times are widely accepted 
amongst those in the field, and Givnish et al. (2004) is 
often cited for this information. The Bromelioideae 
subfamily (which includes Aechmea) is believed to have 
arisen in Brazil, and the crown radiation for this group 
is believed to date back 9.4 million years ago (Givnish et 
al., 2004). Assuming estimates from Givnish et al. (2004) 
are correct, the origin of Aechmea must have been sometime 
more recent than 9.4 million years ago. 
According to the Givnish et al. (2004) study, the 
Pitcairnioideae subfamily is slightly older than the 
Bromelioideae, radiating at approximately 14 MYA, and the 
Tillandsioideae divergence time is approximately 15 MYA. 
However, it must be noted that relationships within and 
between the three subfamilies in most cases is not well 
resolved, and there is some debate amongst researchers. 
For example, Pitcairnioideae was traditionally believed to 
be the most basal subfamily, however, some molecular work, 
including the aforementioned research conducted by Givnish 
et al. (2004), places Tillandsioideae most basal (Terry et 
al., 1997; Horres et al., 2000; Givnish et al., 2004). The. 
Bromelioideae is generally thought to be the most derived 
of the three subfamilies. Each of the studies mentioned 
support the monophyly of Tillandsioideae and 
Bromelioideae, however, some evidence supports the 
polyphyly of Pitcairnioideae (Terry et al., 1997). 
Adaptive Radiation of the Bromeliaceae 
Adaptive radiation is the rapid diversification of a 
lineage into many distinct species over a very short 
period of evolutionary time. The divergence associated 
with adaptive radiation is usually associated with the 
exploration of previously unexploited niches. Adaptations, 
whether they be physiological, morphological, or 
developmental, allow for this specialization into new 
ecological niches. As species are able to take advantage 
of newly available sets of resources, they are able to 
colonize new geographic ranges as well. Thus, adaptive 
radiation frequently involves geographic divergence within 
a lineage (Givnish, 1997). The Bromeliaceae are thought to 
be an excellent example of adaptive radiation because of 
the many ecological and physiological strategies different 
members employ (Benzing, 2000). Because the bromeliads are 
so diverse, they have been able to colonize nearly every 
habitat on land in the new world tropics and subtropics. 
In part, key innovations (which are derived 
characteristics that allow for specialization into 
unexploited ecological niches) are thought to accelerate 
the speciation process (Givnish, 1997). Furthermore, 
Givnish (1997) points out that the conceptual association 
between key innovations and adaptive radiation has long 
been of interest to biologists: the idea that key 
innovations speed speciation was first discussed by 
Simpson in 1953 in his study of birds, where he suggested 
that wings were a key innovation that allowed this lineage 
to diversify into previously unavailable aerial niches. 
As a case in point, Bromeliads are thought to exhibit 
a set of key innovations, including: absorptive trichomes, 
alternative modes of carbon gain physiology (either 
Crassulacean Acid Metabolism (CAM)or 03 photosynthesis), 
succulence, and impoundment tanks, all of which contribute 
to their ecological success in diverse habitats. 
Acguisition of these key adaptations by members of this 
family presumably occurred approximately 17 million years 
ago, thereby facilitating Bromeliaceae's radiation into 
and colonization of a broad range of habitats (Givnish et 
al., 2004). 
Absorptive trichomes (or leaf hairs) are tiny 
structures on the surface of leaves that allow certain 
plants to absorb water and mineral nutrients through the 
leaves, instead of only through roots. In some cases. 
7 
absorptive trichomes can completely replace root 
functioning, such that a plant is no longer reliant on 
roots for water acquisition (Benzing and Renfrow 1980; 
Benzing et al., 1985). Therefore, trichomes, in part, have 
allowed for the exploitation of the epiphytic habit. All 
members of the Bromeliaceae have leaf hairs; however, not 
all assume an absorptive function (Pierce et al., 2001). 
Some members of the Bromelioideae, including species in 
the genus Aechmea possess absorptive trichomes which 
reduce the plant's dependence on roots for soil water and 
nutrient acquisition (Benzing, 2000). These epidermal 
appendages potentially perform a variety of functions, 
depending on the location on the plant, and their specific 
morphology, density, and physiology. Aside from absorption 
of atmospheric water, it has been proposed that in the 
Bromeliaceae, trichomes also reduce transpiration, and the 
amount of heat a leaf is subjected to (Benzing, 2000). 
Another key innovation of Bromeliaceae is the 
utilization of alternative photosynthetic mechanisms. Both 
C3 and Crassulacean acid metabolism (CAM) photosynthetic 
syndromes are common among Bromeliads, allowing 
photosynthetic specialization to different ecological 
conditions (Skillman et al./ 1999; Crayn et al., 2004). 
The differences between these photosynthetic syndromes. 
and the physiological and ecological implications therein 
will be further elaborated upon in the following section 
(Ecophysiology of Bromeliads). However it is worth 
pointing out that CAM, often thought to improve drought 
tolerance, is a relatively uncommon character in the plant 
kingdom, occurring in only ~6% of all vascular plants, 
which further underscores the significance of its 
occurrence within the Bromeliaceae (Winter and Smith, 
1996). 
The presence or absence of CAM in a species likely 
reflects its evolutionary history. Currently, there is 
some debate as to what the ancestral photosynthetic 
pathway is for the Bromelioideae: Crayn et al. (2004) 
found CAM to be ancestral, yet Schulte et al. (2005) found 
C3 to be ancestral. This study will not be able to fully 
answer that question, but, because Aechmea contains plants 
utilizing both photosynthetic mechanisms (Winter, Personal 
Communication 2005), a well resolved phylogeny of the 
genus could provide valuable information concerning the 
evolution of this physiologically and evolutionarily 
important character. 
Succulence refers to the ability of a perennial plant 
to store relatively large amounts of water in thickened 
vegetative organs such as leaves or stems (Ting, 1982). 
Succulence in desert plants, such as members of Cactaceae, 
is well known to facilitate drought tolerance. Such an 
adaptation is believed to benefit neotropical members of 
Bromeliaceae as well, because they are subject to extreme 
seasonal or diurnal fluctuations in water availability. 
Impoundment tanks (phytotelmata) are water-holding 
vessels that are created from overlapping leaf bases. The 
overlapping structure of leaves can create large central 
tanks, or smaller peripheral tanks, or both. These tanks 
are able to trap and hold rainfall, decreasing the plant's 
dependency on soil roots for water acquisition (Zotz et 
al., 1999). Phytotelmata are believed to be a key 
innovation for the maintenance of water homeostasis in the 
Bromeliads. This morphological feature, like absorptive 
trichomes, CAM, and leaf succulence, is advantageous to 
Bromeliads because it allows them to persist in habitats 
where water availability varies temporally. Moreover, 
these tanks can also assist in nutrient acquisition as 
well: dead litter accumulates in the phytotelmata, and the 
plant is able to absorb nutrients from its decomposition. 
Apparently as a result of the reduced dependence on 
roots for water and nutrient acquisition that these four 
key innovations confer, Bromeliads have been successful at 
exploiting a variety of otherwise uninhabitable ecological 
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niches, allowing for life-forms alternative to 
terrestrial, soil-rooted plants and presumably 
facilitating the adaptive radiation of this group 
(Benzlng, 2000; Schulte et al., 2005). In particular, 
numerous Bromellad species are able to carry out their 
life cycle living upon other plants as epiphytes. 
Epiphytes use the host plant only for structural support, 
thus, they differ from parasitic plants (which exploit the 
host plant for water, minerals, and sugars). These traits 
have allowed for habitat flexibility among species and 
even within a single species. For example, some Aechmea 
species are obligate terrestrial plants, others are 
obligate epiphytes, and still other species can be found 
In the field living either epiphytically or terrestrially. 
Ecophyslology of Bromellads 
The physiological and anatomical diversity and the 
ecological strategies employed by members of the 
Bromellaceae vary so greatly that they have been divided 
Into different ecological types. Bromellads were first 
divided Into four distinct types by Plttendrelgh In 1948 
and later adapted Into five groups (by dividing 
Plttendrelgh's "tank absorbing trlchome" type 3 Into two 
distinct groups, types 3 and 4) by Benzlng (2000). These 
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groupings are based in large part upon differences in the 
■•key adaptation' traits described above as well as 
life-form and taxonomic distinctions (Table 1) . By these 
criteria, members of the genus Aechmea are classified as 
Type 3 ecological type. It is noteworthy that Type 3, as 
an ecological group, exhibits the most diversity with 
respect to root function and morphology, photosynthetic 
mechanisms, and life-form characteristics. Consequently 
this study of the genus Aechmea will also capture much of 
the functional diversity found throughout the entire 
family. 
Examining Table 1, we see that root systems can be 
classified on a spectrum from mechanical to absorptive, 
where purely mechanical roots function only to anchor the 
plant to its substrate, whereas absorptive roots are those 
that also serve to acquire water and nutrients for the 
plant. Shoot structure distinctions in Table 1 emphasize 
whether or not the plant has the capability to capture and 
hold water in tanks (phytotelmata) . Life-form distinctions 
in Table 1 consider whether plants are terrestrial 
(soil-rooted, living on the ground) , epiphytic (living 
upon other plants) or saxicolous (living on rock) . 
Photosynthetic pathway distinctions in Table 1 delineate 
whether a species relies upon CAM or C3 photosynthesis as 
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Table 1. Five ecological types of bromeliads (as 
characterized by Benzing 2000 after Pittendreigh 1948). 
This table shows how ecological and physiological 
characters differ by major taxonomic groupings in the 
Bromeliaceae. Note that Type 3 is the most diverse with 
respect to these characters. 
T Photo-
Y 
P 
Root 
System 
Shoot 
Structure 
Foliar 
Trichomes 
syn 
thetic 
Life-
Form 
Taxonomy 
E pathway 
1 Absorptive No phyto- Non- C3 or T Pitcairnioide 
soil roots telma Absorp CAM 
tive 
2 Absorptive Weakly Absorp CAM T Bromelioideae 
soil roots developed tive {Ananas) 
Phyto- on leaf 
telma bases 
3 Mechanical Well- Absorp Mostly T,S,E Bromelioideae 
to developed tive on CAM {Aechmea^ 
condition Phyto- leaf Bromelia) 
ally telma bases 
absorptive 
soil roots 
4 Mechanical Well- Absorp Mostly Mostly Tillandsioideae 
to Developed tive on C3 E 
condition Phyto- leaf 
ally telma bases 
absorptive 
soil roots 
5 Mechanical No phyto- Absorp CAM Mostly S Tillandsioideae 
or telma tive over or E 
None entire 
shoot 
* Predominant life-forms for each group; T = Terrestrial, 
E = Epiphyte, S = Saxicolous 
a means for carbon gain. Like most of the Bromelioideae 
subfamily, members of the genus Aechmea are generally 
believed to rely solely upon CAM, which is recognized as a 
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derived trait compared to C3 photosynthesis (Crayn et al., 
2004). According to Liittge (2004), J.A.C. Smith proposed 
in 1985 that the common ancestor of extant Bromeliads 
(including Aechmea spp) was likely a C3 plant, based on 
comparative morphology of roots, tanks, and epidermal 
scales. Traditionally, the CAM pathway is thought to be an 
adaptation to dry environments, allowing plants to cope 
with drought. With CAM, transpirational water loss is 
minimized because the plant's stomata are closed during 
light hours (Liittge, 2004). This is in contrast to the 
ancestral C3 pathway in which stomata are open for carbon 
dioxide uptake during daylight. Having the stomates open 
during the day also increases the rate of water loss. 
However, CAM too, comes at a cost to the plant, because 
this method demands more light energy to fix each carbon 
molecule, when compared to C3 plants (Liittge, 2004). Thus, 
it is interesting to consider why such an adaptation is so 
prevalent in a mesic environment like the moist tropics. 
Of course, the conventional explanation for the 
prevalence of CAM among tropical epiphytes is that, as in 
desert systems, CAM is an adaptive trait by virtue of its 
water-conserving property. In general, epiphytes must be 
able to survive conditions with relatively limiting soil 
resources (such as water and nutrients). Thus, the 
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water-saving CAM pathway has been demonstrated to help 
epiphytes to exist with a relative scarcity of water, 
especially in drier habitats, or during dry seasons 
(Liittge, 2004). Liittge (2004) reviewed studies by 
Griffiths and Smith from the 1980s showing that the 
distribution patterns of CAM and C3 epiphytic bromeliads 
in Trinidad seemed to vary with precipitation patterns. 
These studies showed that 100% of epiphytic Bromeliad 
species in Trinidad's dry forests use the CAM pathway, 
whereas less than 10% of epiphytic Bromeliad species in 
Trinidad's wet forests rely upon CAM (Liittge, 2004). These 
findings are consistent with there being a trade-off 
between water-conservation and a greater light reguirement 
associated with CAM. Still, we are left to wonder why CAM 
persists among many tropical species that are rooted in 
the moist soils of the tropics. 
There are at least four possible hypotheses which may 
explain the curious presence of CAM among mesic forest 
plants in the moist tropics, including adaptations to cope 
with diffusion limitations in wet leaves, seasonal 
fluctuations in water availability, transient light 
utilization, and trait neutrality. Although these 
different hypotheses are not necessarily mutually 
exclusive, they do emphasize the need for clarification as 
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to the ecological costs and benefits of this pathway in 
the tropics in an evolutionary context. 
Cloud forests are high altitude, wet tropical 
forests. In such a habitat, a plant's leaves are 
frequently wet with rain and/or fog. This poses a problem 
for plants with respect to carbon acquisition, because 
carbon dioxide diffuses approximately 10,000 times slower 
through water than it does through air (Nobel, 1970). With 
this in mind. Pierce et al. (2002) carried out comparative 
leaf gas exchange studies on co-occurring 03 and CAM 
bromeliad species in the wet cloud forests of central 
Panama, and found that the CAM species out-competed C3 
species with respect to net daily carbon fixation. Pierce 
et al. (2002) put forth two possible explanations for this 
observation. First, perhaps CAM species can fix more 
carbon each day because CAM plants can potentially carry 
out carbon dioxide uptake throughout the 24 hour cycle, 
whereas carbon uptake in C3 plants is limited to daylight 
hours only. The observations of Pierce et al. (2002) may 
also be due, in part, to re-fixation of respired carbon 
dioxide that would have otherwise been lost at night by C3 
species. Although this proposal was put forth based upon 
comparative studies among C3 and CAM epiphytes, there is 
no reason to expect that this proposed advantage of CAM in 
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the wet tropics would not also apply to soil rooted 
plants. 
A second proposed explanation states that because 
bromellads have a neotropical distribution, they must be 
able to cope with highly variable conditions (with respect 
to water availability) from wet to dry seasons, and the 
CAM mechanism allows them to persist through periods with 
minimal precipitation. Consistent with this suggestion, 
Sklllman et al. (1999) found that the terrestrial CAM 
Bromellad, Aechmea magdaleane, although shallow rooted, 
maintained active growth during the dry-season In a 
Panamanian forest whereas other deep-rooted herbaceous C3 
plants In the same forest ceased growth during the dry 
season. 
The third proposal for why CAM persists In many 
terrestrial bromellads In the wet tropics Is related to 
patchy light availability for carbon gain In the forest 
understory. Previous research conducted by Sklllman & 
Winter (1997) suggests that CAM may allow plants to more 
efficiently use transient periods of high light on the 
forest floor compared to C3 species. The central Idea here 
Is that because the Internal concentration of C02 Is high 
Inside leaves of CAM plants during the day, when these 
plants receive a few minutes of bright light on the forest 
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floor, they are able to use this light efficiently in 
carbon fixation. By contrast, a C3 plant under identical 
conditions would not be able to fix carbon as rapidly 
because the internal concentration of C02 would limit 
photosynthesis during these brief pulses of bright light. 
Finally, CAM may be a neutral trait, conferring no 
ecological advantage or disadvantage to plants in these 
moist habitats. However, the prevalence of CAM in dry 
sites (deserts, and tropical canopies) and absence in most 
non-tropical mesic sites argues against this hypothesis. 
If CAM were a neutral trait, it would be expected to be 
distributed randomly across biomes. The greater quantum 
requirements of carbon necessary for this pathway 
(compared to C3) argue against this hypothesis as well. 
In conclusion, Liittge (2004) suggests that CAM is a 
strategy that is often found in plants occupying niches 
that vary in their environmental conditions. He found that 
CAM tends to dominate in situations where environmental 
stresses are caused by many factors (some of which have 
been previously discussed, including water and light 
availability, along with other factors including nutrient 
availability and salinity), and therefore, the advantage 
that CAM confers is perhaps that it allows plants to cope 
with a many continuously varying environmental conditions. 
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such is the case with wet and dry seasons in the 
neotropics. 
Aside from physiological diversity with respect to 
photosynthetic pathway, members of the genus Aechmea are 
also diverse with respect to life-form characters. 
Although the epiphytic character exists in many plant 
families, few of these plant families have more than five 
epiphytic species, and, most of epiphyte diversity is 
restricted to one of four families; the Orchidaceae 
Bromeliaceae, Polypodiaceae and Araceae. Moreover, 
epiphyte diversity peaks in the neotropics (Gentry and 
Dodson, 1987). By using both terrestrial and epiphytic 
Aechmea species, the present study will help to elucidate 
the evolution of epiphytism in one of the few families 
that is primarily epiphytic. 
Formation of the Panamanian Isthmus 
Life form and physiological characters alone cannot 
explain the ecological or geographic distribution of the 
Bromeliads; one must also consider the historical context 
for their distribution. An important event in the 
biogeographic history of all New World biota is the 
formation of the Panamanian Isthmus, connecting North 
American and South American land masses. This land bridge 
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began to form approximately 16 million years ago, and 
appears to have been fully formed by 3 million years ago 
(Coates, 1997). This geological event fostered the 
interchange between North and South American terrestrial 
biota, divided marine biota into the newly formed Pacific 
and Atlantic Oceans, and also influenced biota beyond the 
Americas because of the effect this new land bridge had on 
oceanic and atmospheric circulation patterns (Coates, 
1997). In particular, for my interests, the appearance of 
the Panamanian isthmus provided a path, allowing for 
plants from the two land masses to more easily colonize 
this newly formed area and the regions beyond. Although 
Bromeliads currently exist in both North and South 
America, it is generally accepted that this family 
originated in the Amazon Basin, as evidenced by the high 
number of species and life form differences found there 
today (Wendt, 1997; Givnish et al., 2004). 
Consequently, the Isthmus of Panama may represent 
both a bridge and a geographical checkpoint for the spread 
of bromeliads from South to North America. As an initial 
proposition, it seems likely that Bromeliad species found 
north of Panama are evolutionarily derived from species 
that now exist on this narrow isthmus or have existed 
there in the past. Effectively, this isthmus would act as 
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a filter, which, in biogeographical terms, is a dispersal 
pathway where the interconnecting region contains a 
limited number of types of habitats relative to the place 
of origin (Brazil, in this case). Cox and Moore (2000) 
cite the lowland tropics of Central America as a good 
example of such a dispersal scheme. In the filter model, 
the biogeographic region connecting two areas restricts 
the kinds of species that can disperse to that region (and 
thus the regions beyond), implying that perhaps the 
limited habitats available in the Panamanian land bridge 
prevents the dispersal of some bromeliad species into more 
northerly regions. 
To date, no studies have been published that examine 
how the Bromeliaceae colonized the Central Americas. 
However, Schulte et al. (2005) conducted a study that 
examined the evolution and geographic dispersion patterns 
of the early Bromelioideae. They suggest that the 
Bromeliaceae originated in North Eastern Brazil (Guyana 
Sheild), and from there, the early ancestor to the 
Bromelioideae spread to the Andes. This lineage then split 
and members of what would become the genus Greigia 
remained in the Andes, and other early Bromelioideae moved 
into South Eastern and South Brazil. It was in these 
regions that these researchers suggest this lineage 
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underwent their adaptive radiation. Schulte et al. (2005) 
were unable to speculate as to how these separate lineages 
spread into the geographic patterns we see today. 
Another geographic factor influencing the 
distribution of Aechmea in Panama is simply the principle 
of friction of distance. The principle of "friction of 
distance" can be widely applied, but it was first put in 
the context of seed dispersal by Brownlee in 1911 (as 
stated in Haynes 1974). For dispersal of plants, friction 
of distance means that the further a region is from the 
point of origin, the lower the probability of successful 
colonization. Thus, geographic regions further away from 
the Amazon basin will likely have lower species diversity 
not only due to biological or ecological causes, but, due 
to time constraints as well. While friction of distance 
may be a contributing factor, distribution patterns within 
Aechmea subgenera argue against the hypothesis that this 
is the only mechanism at work. In such a model, it would 
be expected that habitats north of the Amazon Basin would 
have steadily decreasing numbers of species and subgenera, 
and instead, much more varying distribution patterns are 
observed. Indeed, a casual inspection of taxonomic 
distribution patterns suggest that there may be two 
different centers of diversity for this genus, one in 
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Brazil where the genus is believed to have originated, and 
another northwest of the Andes in regions surrounding the 
Panamanian land bridge (Table 2). For example, the 
moderately species-rich subgenus Ortgiesa is restricted 
only to Brazil, the center of origin. Another moderately 
species-rich subgenus Pothuava and the small subgenus 
Podaechmea are found primarily in northern regions. Also, 
a friction of distance mechanism might predict that 
species and subgenera with a wide distribution are 
ancestral to those with narrow distributions because older 
lineages have had more time to disperse to farther 
regions. The phylogenetic data obtained from this study 
were analyzed with this perspective in mind to determine 
if there are any patterns between geographic range and 
place on phylogenetic cladogram. 
Uplift of the Andes 
The Andes mountains, formed from the collision of the 
South American Plate with^ the pacific plates, are a major 
range nearly spanning the length of South America from 
Chile and Argentina in the South through Columbia and 
Venezuela in the North (Neil, 1999). The Southern Andes 
are oldest having experienced their major uplift 
approximately 50 million years ago. The northern Andes are 
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Table 2. Geographic distribution of Aechmea subgenera 
(Smith and Downs, 1979). Table emphasizes uneven 
distribution patterns, and highlights different centers of 
diversity as explained in text. The table is arranged in 
descending species richness. 
# of # spp in 
Subgenus Distribution spp. Panama 
total 
Aechmea S. Brazil through N. 
107 8 
Mexico 
Chevaliera S. Brazil through S. 
Mexico 
, 23 3 
Pothuava S. Brazil and Panama/Costa 
Rica and N. Venezuelan 
21 4 
Coast and W. Columbian 
Coast 
Ortgiesia Narrow distribution in S. 
21 0 
Brazil 
PIatyaechmea Panamanian Isthmus and 
18 1 
Columbia and S. Brazil 
Lamprococcus Amazonian Columbia and 
16 0 
Atlantic coast of Brazil 
Macrochordion S. Brazil through 
11 0 
Guatemala 
Podaechmea Panamanian Isthmus and 
surrounding region (S. 5 2 
Mexico to Ecuador) 
much younger. however having begun their major uplift 
approximately 25 million years ago. Some estimates 
conclude that the uplift of the Northern Andes (the region 
that would likely play a role in the distribution of 
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Bromeliaceae from its origin in Brazil through Central 
America) continued to approximately 2.5 (Neil, 1999) to 5 
(Richardson et al., 2001) million years ago. 
It is well known that mountains can have important 
effects on distribution patterns of plants and animals. 
Janzen (1967) reported that mountains in the tropics may 
be even more of a barrier to dispersal than mountains in 
temperate zones. This is because temperatures as a whole 
are more stable in tropical regions and, it is unlikely 
that an organism would evolve the capacity to live at a 
temperature that is outside the temperature range of its 
habitat. Therefore, since organisms in the tropics 
experience a relatively narrow range of temperatures, they 
likely have a correspondingly small range of temperatures 
where it is possible for them to survive. Thus, even small 
changes in temperatures as elevation increases will likely 
prevent lowland taxa from dispersing there. It is likely, 
then, that the Andes play an important role in the 
observed distribution of extant Aechmea species. 
Distribution and Dispersal of Bromeliads 
In this context, it is interesting to consider how 
and why some bromeliad species have successfully dispersed 
to, and established in, Panama while others have not. For 
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example, of the more than two hundred described species in 
the genus Aechmea, only 18 are currently known to occur in 
Panama (Table 3). To accurately explore these issues, a 
consideration of conditions allowing for dispersal must 
first be reviewed. Benzing (2000) cites the subfamily 
Bromelioideae as being rather complex with respect to its 
many different mechanisms of dispersal. Likely, the many 
different mechanisms utilized allow for some bromeliads to 
disperse long distances, whereas other mechanisms allow 
primarily for short distance dispersals. Dispersal of 
bromeliad seeds is achieved through a variety of means 
including ballistics, animals, wind, gravity, and for a 
few species, flowing water (Benzing, 2000). Members of the 
subfamily Bromelioideae (including several Aechmea 
species) typically utilize birds for seed dispersal, 
whereas some Panamanian species, such as A. angustifolia, 
use ants (Benzing, 2000). Given the diversity of modes of 
dispersal employed by this taxa, it follows that some 
species are more adapted to dispersing long distances in a 
short amount of time, whereas other species may only be 
able to disperse short distances. Moreover, unlike most 
other plant families, adult plants of epiphyte species can 
disperse as well: epiphytes can "raft" on fallen branches 
or debris, increasing potential for dispersal. This 
variation would, in turn, be expected to play a role in 
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the present distribution of the different species as seen 
today. This complexity challenges our ability to interpret 
modern distributions in terms of a simple "friction by 
distance" model. 
The eight putative Aechmea subgenera have different 
distributions and ranges, as reflected in Table 2. 
Interestingly, not all sub-genera share equal 
representation in Panama. Only five of the eight subgenera 
currently exist in Panama, with the numerical distribution 
as follows: 8 Aechmea, 4 Pothuava, 3 Chevaliera, 1 
Platyaechmea, and 2 Podaechmea (Smith and Downs 1979; 
Correa, 2004). As illustrated, some of the subgenera have 
broad, sweeping ranges rich in species number (such as 
subgenera Aechmea), also, some of the subgenera are 
represented as discontinuous clusters, with no members of 
the subgenera for great distances, like Pothuava which 
seems to have two centers of distribution, one in Brazil, 
and another in Central America (Smith and Downs, 1979). It 
is possible, however, that disjunct distribution patterns 
such as observed by the sg. Pothuava reflect taxonomic 
problems rather than long distance dispersal events. 
Like the varying distribution of Aechmea subgenera, 
species present in Panama also have different distribution 
patterns (Table 3). Tables 3 and 4 illustrate that there 
are several species endemic to Panama, or the Panamanian 
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land bridge (Panama and Costa Rica), like A. strobilina 
(Aechmea), A. allenii (Pothuava), A. mariae-reginae 
(Pothuava), and A. haltonii (Podaechmea). On the other 
hand, some species have very wide distributions, such as 
Aechmea mexicana (Podaechmea) and Aechmea magdalanae 
(Chevaliera), which can be found from Mexico down to 
Ecuador. It is important to note, though, that while 
Aechmea magdalenae does have a very broad distribution, it 
has historically been cultivated for use by indigenous 
people, which undoubtedly has contributed to increasing 
its current observed geographic range. Nonetheless, as 
indicated by data presented in Tables 2, 3, and 4 and 
Figure 1, it is clear that there are no simple 
generalizations to be made regarding putative taxonomic 
associations with geographic distribution patterns. 
As a case in point, when considering the number of 
Panamanian Aechmea represented in each subgenera relative 
to the total number classified in each, it is evident that 
there is no clear numerical trend. That is, subgenera with 
a high number of taxa overall do not necessarily have a 
high number of taxa represented in Panama. For example, 
Platyaechmea a species rich subgenus only has one 
representative in the Panamanian flora. This leads to 
speculation as to why some subgenera are not 
well-represented in Panama. The observed distribution 
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Figure 1. Differences in species richness in Panama. This 
figure argues against ^friction by distance' because 
several relatively species-rich subgenera have no members 
in Panama. 
patterns are very complex and difficult to resolve outside 
of an evolutionary context. A phylogenetic analysis may 
show some taxonomic or life-form trends that will explain 
present patterns. One hypothesis (from friction of 
distance models) is that more ancestral lineages would 
have a wider distribution, and derived lineages would have 
narrower distributions. 
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Table 3. Distribution of Aechmea species that are present 
in Panama (Smith and Downs^ 1979). Note that only five of 
the eight putative subgenera are in the present-day 
Panamanian flora, and that within each subgenus, distribution 
patterns and geographic range categories vary. 
Species Distribution 
Life 
Form^ 
Subgenus 
Geographic 
Range 
Category 
A, angustifolia Costa Rica to Venezuela E Aechmea S 
and Bolivia 
A. setigera Panama to Columbia, Cuiana E Aechmea S 
and adjacent Brazil 
A. hracteata Mexico to Venezuela and E Aechmea N 
Bolivia 
A. dactylina Nicaragua to Columbia T/E Aechmea N 
A. lingulata Costa Rica to Bahamas, T/E Aechmea B 
Puerto Rico, N. Brazil 
A. penduliflora Nicaragua to Peru, E Aechmea B 
Amazonian Brazil 
A. pubescens Honduras to Columbia and T/E Aechmea N 
Venezuela 
A. stroblina Panama E Aechmea En 
A. germinyana Panama and Columbia T/E Chevaliera N 
A. vetchii Costa Rica to Peru T/E Chevaliera S 
A. magdalenae Mexico to Venezuela and T Chevaliera N 
Ecuador 
A. tillandsioides Mexico to Columbia, E Platyaechmea B 
Venezuela, Cuiana, and 
Brazil 
A. mexicana S. Mexico to Ecuador T/E Podaechmea N 
A. haltonii Panama E Podaechmea En 
A. nudicaulis Mexico to West Indies and E Pothuava B 
North West South America, 
South Eastern Brazil 
A. allenii Panama E Pothuava En 
A. mariaereginae Costa Rica and Panama T/E Pothuava En 
A. tonduzii Costa Rica Panama, E Pothuava N 
Ecuador Columbia, 
* T = terrestrial, E = epiphytic, T/E = facultatively epiphytic 
B = broad latitudinal distribution (From Brazil/Peru to North of 
Panama/Costa Rica), En = endemic to Panama/Costa Rica, S = South 
American biased distribution (reach northern extent in Panama/Costa 
Rica), N = Northern biased distribution (North of Brazil/Peru) 
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Aechmea Systematics 
Traditional systematic treatments have treated 
Aechmea as a natural grouping, based on several key 
morphological characteristics that separate it from other 
closely related Bromeliads. Aechmea species are perennial. 
The leaves are usually spinose-serrate, and are densely 
rosulate with sheaths usually forming a tank. Flowers are 
perfect, but can by distichous or polystichous, and 
sessile or stipulate. The petals are regular and free. The 
sepals are generally strongly asymmetric and can be free 
or connate. The ovary is inferior. The fruit is usually 
only slightly enlarged from the ovary, and the seeds are 
small (Smith and Downs, 1979). 
Despite this, the evolutionary history of the genus 
Aechmea is, in fact, poorly understood. Due to several 
discordant morphological characteristics (with respect to 
inflorescence, flower, sepal, stamen, and ovule 
morphology), it has been suggested that the genus Aechmea 
may actually be an artificial, polyphyletic grouping of 
several genera (Smith and Downs, 1979; Silva, 2003; Gelli 
de Faria, 2004; Schulte et al., 2005). Such discordant 
classifications have arisen due to the facts that only a 
few characters have been stressed in forming 
classifications, and that there is limited knowledge of 
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useful diagnostic characters (in part, due to poorly 
preserved herbarium collections) (Gelli de Faria et al., 
2004). In the most recent authoritative monograph 
treatment of the family. Smith and Downs (1979) divided 
Aechmea species into the eight sub-genera identified in 
Tables 2 & 3. However, these classifications have not been 
universally adopted by all authorities in the field. Like 
the genus itself, some authorities believe that some or 
all of the taxa proposed by Smith and Downs (1979) are 
also polyphyletic (Silva 2003; Gelli de Faria et al., 
2004; Schulte et al., 2005). 
The division of species into the aforementioned 
subgenera is based largely on morphological characters or 
geographical observances. Such key characters (as used by 
Smith and Downs 1979) are summarized in Table 4. 
Chevaliera segregates from the other subgenera because it 
has different petal-appendage morphology (all other 
subgenera have well developed appendages, whereas those in 
Chevaliera are reduced), and the inflorescence is simple 
and perennial. Podaechmea and Lamprococcus separate from 
the remaining subgenera because they have pedicellate, 
rather than sessile flowers, and from each other based on 
simple {Lamprococcus} or a compound {Podaechmea) 
inflorescence. Other Lamprococcus species do have a 
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Table 4. Key characters of Aechmea subgenera based 
primarily on floral morphology (Smith and Downs, 1979). 
Such differences in floral morphology suggests that 
Aechmea may be of polyphyletic origin. 
Subgenera Differentiating Key Characteristics 
Podaechmea Flowers pedicellate, inflorescence compound 
Lamprococcus Flowers pedicellate, inflorescence simple 
or flowers sessile and inflorescence lax 
and compound 
PIatyaechmea Flowers sessile, flower bracts decurrent 
and forming pouches around the flowers 
Aechmea Flowers distichous, spicate or, if 
polystichous, having mucronate sepals and a 
compound inflorescence 
Macrochordion Unarmed sepals, dense and simple 
inflorescence 
Pothuava Sepals mucronate and free, inflorescence 
simple 
Chevaliera Petal appendages reduced, inflorescence 
simple, flowers strobilate, floral bracts 
conspicuous 
Ortgiesia Sepals connate and mucronate 
compound inflorescence, but such are only found in Brazil. 
Platyaechmea is unique among the other subgenera because 
it has decurrent floral bracts forming pouches around the 
flowers. 
From examination of Aechmea keys outlining the 
morphological distinctions of this genus, it is evident 
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that this genus contains many discordant features, perhaps 
suggesting that Aechmea is polyphyletic in origin. A 
molecular-based study of members of this genus will 
contribute to the understanding of its phylogeny. 
Review of the Current Phylogeny 
of the Bromeliaceae 
To date, no molecular work has been performed that 
focuses specifically on the phylogenetics of the genus 
Aechmea. Current molecular information on the evolutionary 
relationships of Aechmea comes mainly from studies that 
sample across the Bromeliaceae (Terry et al., 1997; Crayn 
et al., 2004; Givnish et al., 2004). One recent molecular 
study focused on the subfamily Bromelioideae, which 
includes Aechmea (Schulte et al., 2005), and one 
morphological study examined relationships between Aechmea 
and closely related genera (Gelli de Faria et al., 2004). 
Each of the above molecular studies supported the 
monophyly of the Bromelioideae and Tillandsioideae, and 
the polyphyly of Pitcairnioideae. Also, they each 
supported that Bromelioideae and Pitcairnioideae are 
closely related, with Tillandsioideae being more distally 
related to each. Consistent with interpretations of 
morphology-based systematics, these molecular studies 
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suggest Bromelioideae is the most derived of the 
subfamilies (Crayn et al., 2004; Givnish et al., 2004). 
Of the studies mentioned, only Gelli de Faria et al. 
(2004) and Schulte et al. (2005) included enough Aechmea 
species to gather phylogenetic information on the genus. 
Both of these studies indicate that Aechmea is likely a 
polyphyletic genus. The morphological study showed that 
other Bromelioideae genera (including Lymania, Quesnelia, 
Hoenbergia, Streptocalyx, and Portea) clade out within 
Aechemea, but, bootstrap support on many of the nodes of 
this phylogenetic tree were weakly supported (Gelli de 
Faria et al., 2004). A molecular study based on three 
chloroplast DNA loci found a similar pattern, with many of 
the same genera interspersed in Aechmea (Schulte et al., 
2005). The molecular study of Schulte et al. (2005) showed 
much higher bootstrap support for these relationships than 
did the morphological study by Gelli de Faria et al. 
(2004). 
These recent studies also indicate that most, if not 
all, of the subgenera proposed by Smith and Downs (1979) 
are polyphyletic as well (Gelli de Faria et al., 2004; 
Schulte et al., 2005). Schulte et al. (2005) sampled 
within seven of the eight subgenera {Podaechmea, Aechmea, 
Platyaechmea, Lamprococcous, Macrochordion, Ortgiesia, and 
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Pothuava). The phylogenetic tree produced by this study 
suggested that each of the subgenera sampled are either 
polyphyletic or paraphyletic. Gelli de Faria et al. (2004) 
sampled within each of the eight subgenera, and found that 
each was polyphyletic, with the possible exceptions of 
Macrochordion and Chevaliera,although there were low 
sample numbers in each of these subgenera. 
Purpose of Study 
Using molecular techniques, it is possible to examine 
the phylogenetic lines of descent of Panamanian Aechmea 
species and address the following questions: 
1) Do the molecular data support the classification 
system of Smith and Downs (1979)? 
2) Are the phylogeneteic positions of A. veitchii 
and A. germinyana basal or derived within the 
Aechmea complex's phylogenetic tree, with 
implications for CAM being ancestral and C3 a 
derived characteristic? 
3) Are the phylogenetic positions of A. magdalenae 
and other obligate terrestrial species from 
outside of Panama ancestral or derived within 
the genus Aechmea, with implications of 
terrestriality being ancestral and epiphytism 
being a derived characteristic? 
36 
4) What is the evidence for and the evolutionary 
implications of particular clades being better 
represented in Panama relative to the other 
clades in the Aechmea complex? 
5) What is the relative position of members of 
Lymania (a closely related genus formerly 
treated within Aechmea) to current species 
placed within Aechmea? 
Additional Considerations Concerning Smith and 
Downs (1979) Subgenera 
As alluded to above, many of the studies used to 
classify Bromeliads to date have used morphological 
characters. Such a method may lead to confounded results 
for a number of reasons, including convergent evolution, 
whereby distantly related organisms living in similar 
environments tend to evolve similar characteristics 
necessary for life in those environments. Thus, sharing 
similar morphological characters may not be an indicator 
of species relatedness, but, rather shared environmental 
factors. The issue of convergent evolution confounding 
morphological approaches to phylogenetics may be of 
particular concern to the Bromelioideae because meinbers 
often inhabit physically extreme environments (such as 
epiphytes) (Terry et al., 1997). Yet another reason for 
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confounded results is simply an insufficient number of 
characters by which to differentiate the taxa. This may 
explain, in part, the discrepancies among the current 
phylogenetic groupings of Aechmea species that have been 
deduced from morphological characters. To avoid this 
problem, this study used molecular methods to elucidate 
evolutionary relationships. This will allow a test of the 
Smith and Downs (1979) subgenera to determine if their 
groupings are valid evolutionarily. 
Additional Considerations Concerning Evolution of 
Different Photosynthetic Pathways 
This present study examined the evolutionary 
relationships among extant Panamanian Aechmea, including 
two C3 species A. veitchii and A. germinyana (both of the 
subgenus Chevaliera), as.well as other supplemental 
Aechmea species, to investigate whether the relatively 
rare (amongst Aechmea members) C3 photosynthetic pathway 
is derived or ancestral. 
Additional Considerations Concerning the Evolution 
of Different Life-Form Characters 
This study investigated whether the terrestrial 
growth form amongst the sampled Aechmea is ancestral to, 
or derived from, the epiphytic growth form. As indicated 
previously, among the 18 known Panamanian Aechmea species, 
Aechmea magdalenae is the only obligate terrestrial 
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species. Obligate terrestrial species from other 
geographic regions, including A. hrueggeri (a Brazilian 
endemic in the subgenus Pothuava), A. pabstii (a Brazilian 
endemic in subgenus Macrochordion) , and A. tayoensis 
(endemic to the border regions of Ecuador and Peru, of the 
subgenus Chevaliera) have been included as well to provide 
further insights to the evolution of this life history-
character. Nearly all of the obligate terrestrial species 
in the genus Aechmea are endemic to regions near the 
putative origin for the genus (Bert and Luther, 2005). 
This is particularly interesting, because, according to 
Crayn et al.(2004), the terrestrial trait is ancestral in 
the Bromelioideae. A phylogenetic cladogram provided 
strong inferential evidence as to whether the obligate 
terrestrials included in this study have retained the 
ancestral terrestrial life-form or, reverted from the 
epiphytic back to the terrestrial life-form. 
Additional Considerations Concerning Geographic 
Patterns and Evolutionary History 
This study analyzed the phylogenetic tree in light of 
observed distribution patterns to determine if there are 
trends among how derived a species or subgenera is and its 
current geographic range. A possible implication that some 
clades are better represented in Panama than others is 
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their relative time since divergence. Thus, one might 
expect that a broadly distributed species is ancestral to 
the more narrowly distributed species. For example, the 
presence of endemics suggests that it is likely those 
plants arose in Panama. Given the family's point of origin 
in the Amazon Basin of Brazil, it is likely that plant 
species spanning from the origin through Panama are 
ancestral to those located only on the Panamanian isthmus. 
Sampling Strategy 
To answer the aforementioned questions, proper 
sampling is critical. Along with sampling each of the 18 
extant Panamanian species, ten additional Aechmea were 
sampled to fulfill previous criteria. In addition to 
Aechmea species, the relative evolutionary position of 
Lymania species was examined. Generally accepted as a 
monophyletic grouping based on morphological characters, 
Lymania is a small genus (with only 8 members) confined to 
Brazil that is very closely related to Aechmea. In fact, a 
cladogram produced from morphological work by Gelli de 
Faria et al. (2004) actually showed Lymania as clustering 
within Aechmea species. Similarly, molecular work 
conducted by Crayn et al. (2004) could not discriminate 
between the two genera. This is not surprising, however. 
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because current members of Lymania were once included 
within Aechmea until Read (1984) transferred them into a 
separate genus based on their having a furrowed or winged 
ovary (Gelli de Faria et al., 2004). 
Finally, sample outgroup species are also needed. 
This study used one of two outgroups, either Cryptanthus 
beuckeri or Ananas comosus (both of which are in the 
Bromeliaceae, subfamily Bromelioideae), to root the 
phylogenetic cladogram produced (Table 5). These species 
are each very closely related and basal to Aechmea, with 
Cryptanthus being the most closely related and the genus 
Ananas being basal to Cryptanthus (Crayn et al., 2004; 
Schulte et al., 2005). Cryptanthus was the preferred 
outgroup in this study, because the literature suggests 
that it is the most closely related group that could be 
differentiated from Aechmea using the chloroplast markers 
that were used in this study (Crayn et al., 2004). 
However, the nuclear region ITS 2 of C. beuckeri could not 
be sequenced, and so, the next closest outgroup. Ananas 
comosus, was used for the nuclear data set. These outgroup 
species represent two of the three most basal branches of 
the Bromelioideae. Both of these outgroup species are 
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terrestrials, and rely on the CAM photosynthetic pathway 
(Crayn et al,, 2004). 
Information regarding the subgeneric classifications, 
photosynthetic pathways, life-form characters, and 
geographic ranges for Panamanian species of Aechmea is 
included in Table 3, information on all additional samples 
can be found in Table 5. 
Molecular Methods and Deduction of 
Evolutionary History 
DNA sequences have been used in numerous previous 
studies to estimate the evolutionary histories of plant 
species (Schall et al., 1998; Soltis et al., 1997). This 
study examines the phylogenetic relationships of all 
Aechmea species currently in Panama (and other related 
species discussed above) by analyzing nucleotide sequence 
variation from two chloroplast DNA (cpDNA) markers, 
maturase K (matK, a cp protein coding gene), ribosomal 
protein subunit 16 intron (rpsl6, a cp type II intron of 
ribosomal protein gene), and one nuclear marker. Internal 
Transcribed Spacer Region 2 (ITS2). 
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Table 5. Sampling of additional non-Panamanian Aechmea. 
Chosen such that all the Smith and Downs (1979) subgenera 
and Geographic Range Categories would be adequately 
sampled)^ Lymaniaf and outgroup species included in this 
study. 
Species Name Subgenera Photosynthetic Life- Geographic 
Pathway Form Range Cate 
gory^, 
A. bicolor Ortgiesa CAM E/T Brazilian 
Endemic 
A. burle-marxii Ortgiesa CAM E Brazilian 
Endemic 
A. bromelifolia Macrochordion CAM E/T/S Broad Distri 
bution 
A. bruggerii Pothuava CAM T Brazilian 
Endemic 
A. chantinii Platyaechmea CAM E South American 
Biased 
A. capixabe Lamprococcous CAM E Brazilian 
Endemic 
A. pabstii Macrochordion CAM T Brazilian 
Endemic 
A. tayonensis Chevaliera CAM T Peru/Ecuador 
Endemic 
A. warasii Lamproccocous CAM E Brazilian 
Endemic 
Lymania corallina CAM Brazilian 
Endemic 
Lymania smithii CAM Brazilian 
Endemic 
Ananas comosus CAM T Broad Distri 
bution 
Bromelia plumeri CAM T North Biased 
Bromelia pingun CAM T North Biased 
Cryptanthus CAM T Brazil 
beuckeri 
^ Geographic Range Category information for Aechmea species was taken 
from Bert and Luther (2005). Information for other species is from 
Missouri Botanical Garden's TROPICOS website 
Geographic Range Categories follow the same delineations as set 
forth in Table 3, where Broad distributions are those from the 
Brazil/Peru region to North of Panama/Costa Rica, Endemics are listed 
with the regions they are endemic to, and Northern biased 
distributions are those that are restricted to regions north of 
Brazil/Peru. 
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Also, these three loci have been concatenated, where 
the sequences for the three loci of a particular 
individual analyzed together. This provides more 
phylogenetically informative sites, and allows for a 
better resolved cladogram (Crayn et al., 2004). 
In general, chloroplast DNA (cpDNA)is known to be 
relatively slowly evolving, especially in land plants 
(Gillham, 1994). However, phylogenetic analysis of 
organelle genomes is quite useful because its uni-parental 
inheritance allows for analysis of mutations without 
issues encountered in nuclear genomes, such as 
recombination. Also, some relatively rapidly mutating 
chloroplast loci have been discovered, including: jnatfC, 
ndhF, trnF, and rpsl6 (Oxelman et al., 1997). The 
chloroplast marker rpsl6 was used by Oxelman et al. (1997) 
to resolve phylogeny both between and within genera of 
Sileneae, where it is cited as an attractive marker for 
studies at this taxonomic level because of the ease of the 
alignment of the sequences. Also, rpsl6 has been used 
previously because it is possible to construct universal 
primers using the flanking exons on the ends of the intron 
and because the intron is short enough to sequence the 
entire area with only one PGR reaction (Oxelman et al., 
1997). Moreover, non-coding sequences often give strong 
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phylogenetic signals because they are under less 
functional constraint than coding sequences, allowing for 
a higher frequency of both nucleotide substitutions and 
insertion/deletion events. 
Others have cited matK as a useful marker in deducing 
relatedness within or between closely related genera 
because it contains variable segments with relatively high 
rates of base substitutions (Judd et al., 2002; Wilson, 
2004). Wilson (2004) successfully used matK and an 
additional marker {trnK) to perform phylogenetic analysis 
on many species of Iris, representing most of the 
subgenera within that genus. The fact that matK and rpsl6 
had previously been used to deduce evolutionary 
relationships at the sub-genus level suggested that it 
would have enough informative sites to deduce phylogenetic 
relationships in Aechmea as well. Moreover, this marker 
has been used along with additional markers to deduce 
evolutionary relationships among the Bromeliads (Crayn et 
al., 2004; Schulte et al., 2005; Barfuss et al., 2005). 
The study performed by Barfuss et al. (2005) in 
particular speaks to the utility of these two markers for 
resolving sub-generic relationships within the 
Bromeliaceae. These researchers used several chloroplast 
markers, including matK and rpslS to examine the 
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phylogenetic relationships in the Bromeliaceae subfamily 
Tillandsioideae. In their study, three main genera were 
analyzed (including Tillandsia, Racinaea, and Vriesia) and 
their markers provided enough informative sites to resolve 
the position of many species within each of these genera. 
Barfuss et al. (2005) observed that matK was the marker 
with the best single resolution, but notes that better 
resolution of all clades was obtained when data from the 
several loci were compiled. Moreover, these molepular data 
suggest a pattern of geographic radiation during the 
evolution Tillandsioideae species. 
An important finding of Schulte et al. (2005) was the 
very low level of sequence variation amongst the 
Bromelioideae in each of the sampled cpDNA loci (matK, 
trnL intron, and trnL-trnF intergenic spacer). Givnish et 
al. (2004) found low sequence variation in a separate 
marker (ndhF) as well. In neutral markers (those not 
subject to selective forces), mutations are believed to 
accumulate very slowly, and at a relatively steady rate. 
The low sequence variation in these Bromeliad studies 
suggests that lineages diverged in the relatively recent 
past. This, coupled with the high morphological, 
ecological, and physiological differences present in the 
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Broitielioideae, is indicative of a recent adaptive 
radiation. 
Because many of the studies involving the Bromeliads 
show little sequence divergence in the chloroplast DNA 
loci used, a nuclear locus, ITS 2, has been sequenced in 
the present study as well. ITS 2 is an internal 
transcribed spacer region that separates two ribosomal DNA 
sequences. Because it is a spacer region, it has little 
functional constraints, and mutations can readily 
accumulate in this region, and therefore this spacer lends 
itself well to phylogenetic studies at fine taxonomic 
levels. The ITS sequences (including ITS 1 and ITS 2) have 
been used extensively in the literature to determine 
evolutionary relationships within a genus (Miller et al., 
2004; Yuan et al., 2003; Crawford and Mort, 2005). 
Interestingly, no studies have been published using ITS 
sequences in the Bromeliaceae. 
Phylogenetic Analysis: Distance, Maximum 
Parsimony, Maximum Likelihood, 
and Bayesian Inference 
Phylogenetic analyses of the DNA sequence data was 
y 
conducted, and trees were constructed using distance, 
parsimony, and maximum likelihood methods including 
Bayesian analysis. These trees were screened to find the 
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best fit for estimating the evolutionary history of the 29 
ingroup species. Traditionally, phylogenetic studies have 
used multiple methods to infer their phylogenies, and each 
of these methods were compared such that the "best" trees 
could be produced and Studied. Multiple methods of 
phylogenetic analyses are often employed in a single study 
because consistency amongst the phylogenetic trees yields 
much more confidence that the topology accurately reflects 
evolutionary history. However, with the advent of Bayesian 
methods for phylogeny building, some researchers have 
opted to use this method solely (Miller et al., 2004) 
Parsimony methods were among the first for deducing 
phylogenies, and were originally developed to produce 
phylogenies based on morphological data. This method is 
based on the philosophical assumption that in the 
evolutionary history leading to current taxa, the most 
accurate reconstruction is the one that proposes the 
fewest number of evolutionary events which, in this case, 
refers to changes in nucleotide sequences (Felsenstein, 
2004). Thus, this method operates on the premise that if 
taxa share a common characteristic, they most likely 
inherited that character from a common ancestor. However, 
this is not always the case and therefore, that assumption 
is one weakness of the parsimony methods. It is possible 
48 
that two taxa may share a character due to other factors 
as well, such as reversals, where the given character 
changed, and then happened to change back, or convergence, 
in which case there are multiple independent origins for a 
given characteristic (Hall, 2001). This being said, 
however, as long as the evolutionary change for each taxa 
is small, the aforementioned problems are unlikely to 
strongly influence a proposed phylogeny. Also, parsimony 
is often favored over likelihood methods because it is a 
simple and fast algorithm that can be run on large data 
sets. Parsimony is suggested for recently diverged species 
(such as Aechmea) because amount of change in any site 
will most likely be low because mutations accumulate 
slowly (Felsenstein, 2004). 
Maximum likelihood methods rely upon statistical 
probabilities by analyzing the observed data (such as a 
set of aligned sequences), in which, the hypothesis (or in 
this case, the phylogenetic tree) with the highest 
probability for explaining the evolutionary history is 
I 
selected given parameters set forth in an evolutionary 
model of DNA evolution. Evolutionary models analyze the 
sequences studied and describes how sequences are 
evolving, taking into consideration factors such as 
differences in rates of transitions and transversions. 
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differences in base frequencies, the shape of the 
variation along the line of sequences, and percentage of 
sites that can be assumed to be invariable. Many 
evolutionary models have been proposed by various 
researchers, and a software program has been developed 
that examines sequence data to determine which model best 
suits the sequence data (Posada and Crandall, 1998). This 
model can then be implemented into the settings before 
running the phylogenetic algorithm. Each model of DNA 
evolution makes certain assumptions. Likelihood methods 
allow the user to dhoose assumptions that are most valid 
given the sequence data, and therefore, a more accurate 
phylogeny is produced. 
Bayesian inference is a relatively new method for 
deducing phylogenies that has rapidly gained in popularity 
over the last several years after its introduction to the 
field in 2001 with the development of the computer program 
MR BAYES (Huelsenbeck and Ronquist, 2001). Applied to 
molecular data, Bayesian inference acts as a type of 
maximum likelihood method in that it constructs many 
trees, each with equal probabilities (Felsenstein, 2004). 
The Bayesian algorithm is diifferent from other tree 
building algorithms in that it gives the user an estimate 
of the probabilities of the different hypotheses (in this 
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case, tree topologies) given the data. Bayesian is a 
particularly attractive method to use with closely related 
taxa, including ones that have undergone a recent adaptive 
radiation, such as those ip the Bromeliaceae, because it 
gives robust results with relatively strong support. Use 
of Bayesian analysis also Allows for the incorporation of
much more realistic models|than otherwise available under 
the other main methods of inference because Bayesian 
approaches can be used to compare likelihoods of different
models (Huelsenbeck et al.j 2001). The Modeltest software 
program includes one such Bayesian approach to model 
choice, the Bayesian Information Criterion (BIG) (Posada,
2004). BIG allows the userjto select the model with the 
maximum probability. Researchers have noted that in 
general, Bayesian analysis produces a better resolved 
phylogeny when compared to the other methods, and that the 
posterior probability values used as statistical support 
for the tree are generally higher than those given by 
bootstrapping in other analyses (Gummings et al., 2003). 
However, there are many controversies on the use of this 
method. For example, Lewis (2005) argued that, while 
Bayesian does resolve polytomies, it may do so 
arbitrarily. Despite the controversies surrounding this 
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method, it is used extensively for determining 
phylogenetic relationships in current literature. 
Analyzing sequence data using each of these three 
methods allowed for a comparison of the different methods, 
such that the most likely hypothesis of the evolutionary 
relationships between the studied plants could be chosen. 
Also, topology congruence between different methods of 
analysis lends much more confidence to the results than a 
single method would alone. 
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CHAPTER TWO 
MATERIALS AND METHODS 
Sampling 
Sampling of fresh, green leaf tissue of twenty-five 
intact plants in the field from various localities in 
Panama took place in July 2004 and August 2005. Appendix A 
includes a list of all samples that were included in this 
study, along with the locations from which they were 
collected. After a survey.of the Republic of Panama, two 
of the species proved extremely difficult to collect, and 
thus, the remaining two Panamanian species, A. bracteata 
(sg. Aechmea) and A. germinyana (sg. Chevaliera) were 
subsequently collected from the living collections at 
Marie Selby Botanic Gardens in Sarasota, FL in April of 
2006 (Appendix A). Multiple individuals for the same 
species were sequenced (where possible) to ensure that 
observed polymorphisms were not intraspecific. Leaf tissue 
was stored in a sub-zero freezer (-20 C) for subsequent 
DNA extraction. 
Deoxyribonucleic Acid Extraction 
Approximately 100 milligrams of tissue from each 
sample was pulverized to a fine powder in liquid nitrogen, 
and whole genomic (including nuclear and organelle) DNA 
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was extracted from each sample using one of two common 
protocols: Quiagen's DNeasy plant extraction kit (Qiagen, 
Valencia, CA) or CTAB extraction (Doyle and Doyle, 1987). 
Samples extracted using the Qiagen kit were done so using 
manufacturer's instructions and reagents. Samples were 
electrophoresed on an agarose gel and 
spectrophotometrically analyzed to confirm DNA 
concentration and purity levels were acceptable to proceed 
with polymerase chain reaction. 
J^mplification of Target Loci 
Polymerase Chain Reaction (PGR) was used to amplify 
the target regions of DNA (Mullis et al., 1986). PGR 
primers used in this study are displayed in Table 6. Gene 
schematics showing where the primers are located on the 
markers of interest are displayed in Figure 2. 
PGR reactions were performed using Eppendorf Master 
Tag Kit reagents (Eppendorf, Hamburg, Germany). Each 
reaction contained l-2ul genomic DNA, 26.5ul deionized 
H20, lOul Tag Master, 5ul Buffer, 5ul dNTP mixture, lul of 
each forward and reverse PGR primer, and 0.5ul of Tag 
Polymerase, for a total reaction volume of approximately 
50ul. PGR cycling protocol for the two chloroplast loci 
(matK and rpsl6) was adopted from Hayashi et al. (1998), 
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Table 6. Oligonucleotide primers used in this study. 
Oiigonucieotide Primer 
Primers Sequence Reference 
5'-ATA CCC TGT TCT GAG CAT 
MatK5-F ATT G-3' Crayn et ai. 2004 
5'-AAC ATA ATG CAT GAA AGG 
MatK2-R ATG C-3' Crayn et ai. 2004 
5'-GTG GTA GAA AGC AAC GTG 
Rpsi6-F CGA CTT-3' Oxeiman et ai. 1997 
5'-TCG GGA TCG AAC ATC AAT 
rpsi6-2R TGC AAC-3' Oxeiman et ai. 1997 
5'-TCA CGG CAA CGG ATA TCT 
ITS 5.8F CGG-3' Prince & Kress 2006 
5'-CAG TGC CTC GTG GTG CGA 
ITS 24iR CA-3' Prince & Kress 2006 
the parameters of which are as foiiows: denaturation at 
94°C for two minutes, followed by 30 cycles of 
denaturation at 94°C for one min, annealing at 50°C for 
two minutes, and extension at 72°C for three min, followed 
by a final extension at 72°C for seven minutes. Protocol 
for amplification of the nuclear locus ITS 2 was as 
follows: initial denaturation at 94°C for four minutes, 
followed by 35 cycles of denaturation at 95°C for 45 
seconds, annealing at 58°C for 45 seconds, and extension 
at 72°C for 1 minute 30 seconds, followed by final 
extension at 72°C for seven minutes (Prince and Kress, 
2006). One microliter of Bovine Serum Albumin (BSA) and 
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matK coding sequence: 
matK-5F=> 
trnK 5' matK gene trnK 3' 
rpsl6 intron: 
rpsl6-F=^ 
rpsl6 exon —intron (700-800 bp) rpsl6 exon 
<=rpsl6—2R 
ITS2: 
ITS5.e-F=> 
5.8s rDNA —Internal Transcribed Spacer 2— 26s rDNA 
<=ITS 241R 
Figure 2. Gene schematics. Illustration of placement of 
external primers for the three loci amplified in this 
study: matK (cpDNA), rpsl6 (cpDNA), and ITS2 (nONA). 
5ul of Dimethyl Sulfoxide (DMSO) were added to the 
reaction mixture for each of the ITS 2 PGR reactions. A 
negative control was run concurrently with each PGR 
reaction to test for contamination. Successful 
amplification of each of the samples was visualized using 
a 0.8% Agarose gel stained in ethidium bromide. Following 
PGR, each sample was treated with Exonuclease I and Shrimp 
Alkaline Phosphatase (ExoSAP-IT) to purify the 
amplifications prior to cycle sequencing. 
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Cycle Sequencing and Sequencing 
Foiiowing PGR and ExoSAP-IT treatments, 
bi-directionai cycle sequencing, which produces double 
stranded sequences by simultaneously sequencing both 
forward and reverse strands, was performed. Internal 
primers (described in Table 7) were designed off 
preliminary sequences for each locus to ensure that the 
samples for each sequence were completely double stranded. 
Cycle sequencing was performed with Epicentre's Sequitherm 
Excel II sequencing kits (EPICENTRE, Madison, WI). 
Sequencing was completed on a polyacrylamide gel using a 
LI-COR 4300 automated sequencer (LI-COR, Lincoln, NE). 
Table 7. Internal primer sequences. 
Primers 5' - 3' Sequence 
MatK 393 R -700 CCT TCT GAT ATC ATC TGA 
MatK 682 F-800 AGT CTC ATT ACT CCG AAG 
RpsI6 335R-700 TGA TTC CCT TGT GAT ACA C 
RpsI6 675F - 800 GTC AGA ATT ACC CAA CTT 
ITS 2 489 F-800 GGA GAA GAA ACT TAG GA 
Sequence Analysis and Phylogenetic Inference 
Subsequent to sequencing, samples were proofread with 
the Lasergene program SeqMan (DNAStar, Madison, WI). 
Alignments were produced using Clustal X (Thompson et al.. 
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1997). Identical sequences (for each data set: matK, 
rpsl6, cpConcatenated, ITS2, and all three loci 
concatenated) were collapsed into haplotypes for 
subsequent phylogenetic analysis. 
Phylogenetic trees for the chloroplast data sets were 
rooted with Cryptanthus beuckeri as an outgroup. Trees for 
ITS2 and the data set with all three loci concatenated 
were rooted with Ananas comosus, because ITS2 of C. 
beuckeri proved difficult to sequence. Current 
phylogenetic literature suggests that the genus 
Cryptanthus is the most closely related genus to Aechmea 
that can be distinguished from it using matK and rpsl6 as 
molecular markers (Crayn et al., 2004). Ananas is also 
very closely related taxa to Aechmea, being a sister group 
to Cryptanthus. Both of these outgroup species are within 
the Bromelioideae subfamily. 
Each of the five data sets were analyzed using 
Distance, Maximum Parsimony (MP), Maximum Likelihood (ML), 
and Bayesian Inference. In addition to these, a Bayesian 
analysis compiling all matK data from this study with 
available matK sequences from GenBank was performed to 
examine the relative position of Aechmea in the subfamily. 
Sequences obtained from genbank were truncated as in Crayn 
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et al. (2004) and this study such that all sequences were 
of the same aligned length. 
The software program PAUP* (Swofford, 2003) was used 
for distance, MP, and ML analysis, and Mrbayes 
(Huelsenbeck and Ronquist, 2001) was used for Bayesian 
inference. Evolutionary models and parameters were 
determined for each data set using hierarchical likelihood 
ratio tests (hLRTs) as implemented in ModelTest (Posada 
and Crandall, 1997). Table 8 shows model test results, 
including base frequencies, transition/transversion ratio, 
proportion of invariable sites, and gamma distribution 
shape parameter for each of the data sets. These 
parameters were used in both likelihood and distance 
analyses. 
Alignment of the entire ITS2 region was problematic 
because of a highly variable region in the center of the 
sequence that could not be unambiguously aligned. For this 
region of the sequence, it was not possible to ensure that 
the alignments reflected homology, and for that reason, 
those bases were not used in the analysis of phylogeny, 
and 73bp (aligned positions 80-85, 141-207) of ITS2 were 
excluded from phylogenetic analysis. All other gaps (such 
as those in rpsl6, and those that were possible to 
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Table 8. Heirarchichal likelihood ratio test results for 
each data set. 
Data Model Base Ti/tv Proportion Gamma 
Set Selected Frequencies ratio invariable shape 
sites para 
meter 
matK HKY+G A .3114 
C .1640 
1.5751 0 .0106 
G .1393 
T .3852 
rpsl6 HKY+G A .3595 
C .1469 
1.0043 0 .1165 
G .1892 
T .3044 
matK & HKY+G A .3351 
rpsl6 C .1569 
1.1205 0 .0160 
G .1648 
T .3432 
ITS2 HKY+I+G A .1717 
C .3418 
1.5152 .7521 .6931 
G .3856 
T .1009 
matK, HKY+I+G A .3009 
rpslG, C .2035 
1.4662 .8605 .4059 
ITS2 G .2155 
T .2801 
unambiguously align in ITS2) were treated as a 5^^ state 
for parsimony analysis. Gaps were treated as missing data 
for likelihood analysis. 
Bootstrapping was performed to determine support for 
nodes in distance, MP and ML analyses, with 1000 
replicates for distance and MP, and 100 replicates for ML. 
Bayesian Inference was run for at least 1000000 
generations, with a burn-in equal to 1% of the number of 
generations (i.e. 1000 for 1000000 generations, 3000 for 
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3000000 generations). This burn-in was sufficient to 
ensure stabilization of likelihood values. See Appendix D 
for mrbayes blocks. 
Relative Rate tests were performed using the program 
RRTree (Robinson et al., 2000) on the chloroplast DNA 
concatenated data set and on the ITS2 data set to 
determine if sequences are obeying molecular clock 
assumptions. The test was run comparing the rates of the 
species in a pairwise fashion using the Kimura 2-parameter 
model (taking into account differences between transitions 
and transversions) and using either Cryptanthus beuckeri 
(cp dataset) or Ananas comosus (ITS2) as the outgroup. 
Hypothesis Testing 
The "best" tree (the one with the optimal likelihood 
score) was found for the concatenated data sets using a 
one-tailed HK test and an SH test (as implemented in 
PAUP*). All hypotheses were tested using this tree. The 
hypotheses mentioned in the introduction were tested using 
MacClade to build trees corresponding to the hypotheses. 
The topology of these trees were then compared to the 
optimal tree using a one-tailed HK and SH likelihood tests 
(as implemented in PAUP*) to see if there is any 
significant difference in likelihood scores. 
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Geographic distance between species was calculated 
from GPS coordinates taken in the field. For samples 
collected from Marie Selby Botanic Gardens, GPS 
coordinates were estimated based on collection locality 
information listed for that plant. This information was 
not available for some of the plants included in this 
study, so they were omitted from this portion of the 
analysis (A. burle-marxii, A. dactylina 13, A. magdalenae 
1, A. pubescens 2, A. strobilina 2). 
A Mantel Test with 9999 permutations (as suggested by 
the program documentation) was performed using R Package 
for Multivariate and Spatial Analysis Version 4 (Casgrain 
and Legendre, 2001) to determine if any correlation was 
present between pairwise genetic distances and geographic 
distances of the sampled taxa. 
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CHAPTER THREE 
RESULTS 
Description of Sequences 
A total of 1779 base pairs (bp) were sequenced from 
the chloroplast genome, including 827 bp from the protein 
coding sequence matK and 952 bp from the rpsl6 intron. 
From the nuclear genome (ITS2), 472 base pairs were 
sequenced. After multiple alignments (Clustal X), 
approximately 73 base pairs were excluded from analysis of 
these sequences because certain areas of the sequences 
could not be aligned to reflect homology. Model test 
results (including model of evolution chosen, base 
frequencies, and transition/transversion ratios for each 
locus) are described in Chapter 2. Base frequencies were 
similar for the chloroplast loci, but the nuclear locus 
had a much higher GC content than the other two. Base 
frequencies and transition/transversion ratios can be 
found in Table 3 of Chapter 2. 
In the aligned matK data set, there were only 44 
variable sites, and of these, only 15 were 
parsimony-informative. Because matK is a coding sequence, 
fst, and 3^'^ position substitutions as well as amino 
acid substitutions were calculated. Of the 44 variable 
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sites, 19 represented 1®^ codon position substitutions, 7 
2"^, and 18 Substitution resulted in amino acid 
changes at 27 of the 44 variable sites (see Appendix D). 
In the aligned rpsl6 data set (considering gaps reflecting 
homology as a state) 158 characters were variable, and 
59 of these were parsimony informative. In the aligned 
ITS2 region, after excluding regions that were difficult 
to align (once again, those regions that after modifiying 
alignment parameters a number of times could not be 
aligned to adequately reflect homology) there were 60 
characters that were variable, and 25 of these were 
parsimony informative. 
A number of the samples shared identical haplotypes. 
In the matK data set, there were 26 different haplotypes, 
and 16 of these haplotypes were shared with at least one 
other sample. Eleven of these shared haplotypes represent 
samples of the same species that are identical for this 
locus. The other 5 haplotypes are shared between members 
of different species, and, one of these haplotypes is 
shared with the two sampled members of the genus Lymania 
as well (Appendix C, Figure 1). In the rpsl6 dataset, 
there were 28 haplotypes, 10 of which were shared with at 
least one other sample. Only three of these shared 
haplotypes represent those that are identical from 
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different samples of the same species only (Appendix C, 
Figure 5). In the ITS 2 data set (recall that this data 
set is smaller and only contains 26 ingroup samples 
because some samples could not be sequenced), there were 
19 different haplotypes, three of these were shared, yet 
none of the shared haplotypes represent those that were 
only from different samples of the same species (Appendix 
C, Figure 13). Thus, the minimum uncorrected genetic 
distance In any of the three loci sampled was 0, and, 
there was very little sequence divergence In each of the 
loci sampled (Table 9). 
Table 9. Descriptive statistics of the uncorrected genetic 
distances In each of the three loci sampled. Table shows 
minimum and maximum genetic distances, average distances, 
mode and standard error (SE) for Ingroup taxa for matK, 
rpsl6, and ITS 2 
Locus MatK rpsl6 ITS2 
Minimum 
Maximum .0145 .0154 .0416 
Average .0056 .0064 .0143 
Mode .0048 .0069 
SE .000081076 .000081101 .00048333 
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Relative Rate Tests were performed on the 
concatenated chloroplast loci and the nuclear ITS2 regions 
independently using a Kimura-2 parameter model (Robinson 
et al., 2000). This test shows difference in evolutionary 
rates in a pairwise fashion using an outgroup sequence. In 
both cases, although there were some detectable 
differences in evolutionary rates, none of these were 
statistically significant, so, it can be assumed that all 
sequences are evolving at a relatively constant rate, such 
as in the case under molecular clock assumptions (data not 
shown, but available from the author upon request). 
Phylogenetic Analysis 
Phylogenetic trees from each of the data sets (matK, 
rpsl6, cpConcatenated, ITS2, all three loci concatenated) 
and each of the analyses (Neighbor-Joining Distance, 
Maximum Parsimony, Maximum Likelihood, and Bayesian 
Inference) were similar, with a few notable exceptions 
explained below, but varied in their respective levels of 
resolution and support (see Appendix C for all 
phylogenetic trees and Figure 3, 4, and 5 in this Chapter 
for selected phylogenetic trees). Analysis of matK alone 
yielded very poorly resolved consensus trees (Appendix C, 
Figures 1-4), but most of the clades that do appear in the 
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matK analysis are supported in the rpsl6 analysis as well 
(Cf. Figure 4 and Figure 8 in Appendix C). Concatenating 
these two data sets yielded better supported trees with 
better resolution than either of the single data sets 
alone. The consensus trees from ITS2 data also contained 
polytomies, yet, the groupings from the nuclear data set 
are compatible with the groupings of the chloroplast data 
set (Cf. Figures 4, 8, and 12 in Appendix C). 
Interestingly, in all analyses conducted and for each 
of the three DNA marker datasets, Lymania actually grouped 
within Aechmea. It has been proposed by Gelli de Faria et 
al. (2004) that Lymania, a closely related genus, is most 
closely related to the Aechmea subgenus Lamprococcous. In 
each of the analyses in the chloroplast data sets, the two 
sampled Lymania species appear within a polytomy in clades 
containing Aechmea (Appendix C, Figures 1-12). In the 
nuclear data set (analyzing ITS2 alone), Lymania smithii 
was very closely related to Aechmea capixabe, a species of 
the subgenus Lamprococcous, yet in the matK data set, both 
Lymania species sampled are genetically identical for that 
locus to two other Aechmea subgenus Macrochordion species 
(Cf. Figure 14 and Figure 4, Appendix C). 
As mentioned previously, in most cases the samples 
taken from different individuals of the same species share 
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a haplotype, or at least appear as sister taxa, as would 
be expected. This is not always the case, however. In all 
the trees that contain them, A. allenii 2 & 3 are sister 
to each other, yet A. allenii 1 shares a haplotype for all 
the loci with A. dactylina (See, for example. Figure 7 in 
Appendix C). Because it is highly improbable that a 
species would share both cp and nuclear sequences with one 
another, it is a possibility that A. allenii 1 does not 
represent A. allenii as a species, and may have been 
misidentified. For this reason, it has been removed from 
final analyses. Another exception is the A. angustifolia 
samples. In -^the cpConcatenated data set, A. angustifolia 
22 & 31 are sister taxa, and A. angustifolia 19 is in a 
separate clade, sister to A. capixabe samples (Figure 12, 
Appendix C). Yet, in the nuclear (ITS2) data set, the two 
A. angustifolia samples that could be sequenced (A. 
angustifolia 19 & 22) are sister to each other, meaning 
they share a most recent common ancestor (Figure 14, 
i 
Appendix C). From the Bayesian analysis of the 
cpConcatenated data sets showing! groups compatible with 
I . . 
the consensus, it is evident that these two clades are 
closely related (Figure 21, Appendix C). Recall that 
i 
nuclear DNA, including ITS2, is biparentally inherited 
whereas chloroplast DNA, including matK and rpsl6, is 
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maternally inherited. The fact that A. angustifolia and A. 
capixabe are only distantly related in the op data set, 
i 
and very closely related in the jnuclear data set may be 
indicative of a prior hybridizatqion event in A. 
angustifolia 19's lineage. ; 
To determine the trees that would be used in further 
analysis, likelihood and parsimqny based one-tailed 
Kishino-Hasegawa (KH) tests and |Shimodaira-Hasegawa (SH) 
i 
tree topology tests were performed on the four trees 
produced from the cpConcatenatedi, data set, ITS2 data set, 
i 
I 
and all three loci concatenated Idata set (Goldman et al., 
2000). These tests compare the branching patterns of a set 
of phylogenetic trees to determine which tree is "best". 
I 
For parsimony-based analyses, tocology tests determine the 
! 
tree with the fewest number of steps, and for likelihood 
analyses, topology tests determihe the tree with the best 
likelihood score given the data b^^d likelihood parameters 
i 
implemented. Topology tests indicated that for the 
cpConcatenated dataset, the Bayesian inference tree gave 
the "best" estimation of evolutipnary history for the 
cpConcatenated data set from the;likelihood (-In 
i 
L = 3239.798) and parsimony (tree length = 113) based 
I 
analyses (see Figure 3). Topology tests indicated that for 
the limited nuclear dataset, theiParsimony Majority-Rule 
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Consensus tree had the best likelihood score, -In L 
916.134 (although it was not significantly different than 
any of the others based on both the likelihood-based KH 
and SH tests) and tree length at 113 (the parsimony tree 
was significantly different than the others in the 
parsimony based KH test (P = .0005)) (see Figure 4). 
Lastly, topology tests indicated that for the limited 
dataset for which sequence data for all three markers were 
available, the Parsimony Majority Rule Consensus tree gave 
the best estimation of evolutionary history (-In L 
5100.03197; tree length,= 376) (see Figure 5). Because 
these trees will be used in further discussion, they are 
shown in this chapter, for these, as well as all others, 
see Appendix C. 
Note that these trees differ in resolution with 
Figure 3 having a better resolved backbone and more 
subclades than either Figure 4 or 5. Parallels and 
inconsistencies amongst these three trees will be further 
discussed in the Discussion Chapter. However, it is 
important to point out that, in general, closely related 
species are consistent amongst each of these three 
analyses, although the topology of closely-related 
subclades may vary somewhat. 
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96 angustifolia 31(South) 
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73 
A. tillandsioides I &2(Broad) 
A.setigera(South) 
1 [~ A.penduilflora 21(Broad) 
A.oenduUflora 23(Broad) 
100 
A. haltonii 1 &12(Pan.Endemic) 
A. mariae-reginae 1 & 15(Pan.Endemic) 
A. mexicana 1& 13(North)
A 
^ pA. bracteata 22(North) 
A.dactylina 13(North)100^ 
Haplotype A"93^ A.pubescens 1&2(North) 
A. bracteata 15(North) 
A. bromelifolia(Broad)
99 
**A.pabstii32(Brazilian Endemic) 
**A. bruepveri I I& 30 CBrazilian Endemic! 
92 1- A.angustifolia 19(South) 
53 
A. caoixabe 5&27(Brazilian Endemic) 
A. warasii(Brazilian Endemic) 
A. nudicaulis(Broad)_mo_ ■C'A. nudicaulis 16 (Broad) 
Lymania corallina 
Lvmania smithli 4 
B loop A. hicolni (Brazilian Endemic) 
90Sikr~L- 4 hurlt^-inar<cii (Brazilian Endemic! 
10 r *A. germinyana (North) ,* A. veitchii 1 (South) 
:*A. veitchii 2 (South) 
100 _ **A. magdalenae 1 & 26 (North)JfC97 **A. tayonensis (Peru Border Endemic) 
A. tonduzii (North) 
100 ^ A. alleniil (Pan. Endemic) 
A. alleniB (Pan. Endemic) 
100 A. linpulata 2 (Broad!■C A. lingulata 1 (Broad) 
Cryptanthus beuckeri 
Figure 3. Bayesian consensus of 29001 trees constructed 
from two concatenated chloroplast deoxyribonucleic acid 
loci (matK and rpsl6) . Branches collapsed into polytomies 
when posterior probabilities < 50. Samples sharing a 
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branch are identical for this data set, Haplotype A 
includes A. dactylina, A. allenii 1 and A. strobilina 1&2 
(each of these are Panamanian A. dactylina and A. 
strobilina are of the subgenus Aechmea, A. alleniil is of 
the subgenus Pothuava, A. allenii is a Panamanian endemic, 
the other two are northerly distributed. All species 
present in the Panamanian flora are bold. Colors represent 
Smith & Downs (1979) subgenera groupings: Blue = Aechmea, 
Red = Chevaliera, Brown = Platyaechmea, Pink = Podaechmea, 
Green = Lamprococcous, Purple = Macrochordion, 
Orange = Ortgiesa, Cyan = Pothuava. Geographic range 
categories as described in Chapter 1 are in parenthesis. 
C3 Species are indicated by a single asterisk; obligate 
terrestrial species are indicated by two asterisks. A, B, 
and C markers are explained in the text (Discussion 
chapter). 
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— A.angustifolia 19(South) 
59 
A.angustifolia 22(South) 
96 
A.tillandsioides 2(Broad)70 
52 A. nudicaulis 16(Broad) 
"A.canixahe5 fBrazilian Endemid.L smithii4 
A.strohilina 1 ("Pan. Rndemict 
63 
gg Haplotype A 
'A.bracteata 22(North) 
"A. bromelifolia 21 (Broad) 
A. hicolor 10(Brazilian Endemic) 
" **A. tayonensis(Peru/Ecuador Border 
100 Endemic) 
"A.lingulata 1(Broad) 
A. mexicana 1 & 13(North),A. haltonii 12 
(Panamanian Endemic) 
A. warasii (Brazilian Endemic) 
*A. veitchii 1 tSonthl 
"A.penduliflora 23(Broad) 
"A.penduliflora 21(Broad) 
A.tonduzii(North) 
**A. bmeggeri 30(Brazilian Endemic) 
Ananascomosus 
Figure 4. Parsimony majority-rule consensus tree from ITS2 
locus (excluding areas with problematic alignments, other 
gaps treated as base). Branches collapsed into 
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polytomies when bootstrap support < 50. Samples sharing a 
branch are identical for this data set. Haplotype A 
includes: A. dactylina lSil3 {Aechmea^ north), A. pubescens 
1Sl2{Aechmea, north), and A. allenii 1 {Pothuava, 
Panamanian endemic). All species present in the Panamanian 
flora are bold. Colors represent Smith & Downs (1979) 
subgenera groupings: Blue = Aechmea, Red = Chevaliera, 
Brown = Platyaechmea, Pink = Podaechmea, 
Green = Lamprococcous, Purple = Macrochordion, 
Orange = Ortgiesa, Cyan = Pothuava. Geographic range 
categories as described in Chapter 1 are in parenthesis. 
C3 species is indicated by a single asterisk, obligate 
terrestrial species are indicated by two asterisks. 
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A.angustifolia 19(South) 
— 98 
76 A.angustifolia 22(South) 
A.tillandsioides 2(Broad) 
A. nudicaulis 16(Broad) 
51 "83 A. capixabe 5(Brazilian Endemic) 
A. warasii(Brazilian Endemic) 
L.smithii4 
A.pubescens 1(North) 
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A.pubescens 2(North) 
51 
A.strobilina 1(Pan.Endemic) 
51 
A. dactylina(North) 
A.allenii 1(Pan.Endemic) 
99 
A.dactylina 13(North) 
A.bracteata 22(North) 
— A.penduliflora 21(Broad) 
100 85 
A.penduliflora 23(Broad) 
A.mexicana 1(North)
96 
A. haltonii 12(Pan.Endemic) 
A. mexicana 13(North) 
A. bromefolia 21(Broad) 
79 
**A. brueggeri 30(Brazilian 
Endemic) 
'A.londuzii (North) 
A. hicolor 10(Brazilian Endemic) 
' **A. tayonensis(Peru/Ecuador 
Border Endemic) 
' A.lingulata 1(Broad) 
' *A. veitchii 1(South) 
Ananascomosus 
Figure 5. Parsimony majority-rule consensus from 
three-loci data set. Branches collapsed into polytomies 
when bootstrap support < 50. Samples sharing a branch are 
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identical for this data set. All species present in the 
Panamanian flora are bold. Colors represent Smith & Downs 
(1979) subgenera groupings: Blue = Aechmea, 
Red = Chevaliera, Brown = Platyaechmea, Pink = Podaechmea, 
Green = Lamprococcous, Purple = Macrochordion, 
Orange = Ortgiesa, Cyan = Pothuava. Geographic range 
categories as described in Chapter 1 are in parenthesis. 
C3 species is indicated by a single asterisk, obligate 
terrestrial species are indicated by two asterisks. 
Hypothesis Testing 
To test each of the main questions this study 
addresses, MacClade was used to build trees that conform 
to these hypotheses, and the topology of these trees were 
tested against the Bayesian cpConcatenated consensus tree 
to see if they were significantly different. The Bayesian 
cpConcatenated consensus tree was used for hypothesis 
testing because it tested as the "best" estimate of 
evolutionary history and contains all of the taxa studied. 
Non-significant results from this comparison would suggest 
that the artificially created hypothesis tree and the tree 
-constructed from the DNA data provide equally valid 
estimates of the evolutionary history of these species, 
and so the hypothesis being tested would not be rejected. 
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The first hypothesis tested was the Smith & Downs 
subgenera groupings. A hypothesis tree was constructed in 
which all sampled Aechmea, Podaechmea, Platyaechmea, 
Ortgiesa, Pothuava^ Lamprococcous, Chevaliera, and 
Macrochordion species were grouped in unresolved clades 
(coded as "soft polytomies" reflecting uncertainty of 
relationships within a group) according to their 
respective subgenera. This tree was tested (using 
Likelihood KH & SH tests and a Parsimony KH test) against 
the Bayesian Inference tree constructed from the 
chloroplast data set. Both likelihood and parsimony based 
tests found that the Bayesian tree was best and 
significantly different from the hypothesis tree (P = .000 
for both KH & SH Likelihood tests, P < .0001 for KH 
parsimony test). Thus, these results do not support the 
subgenera groupings proposed by Smith & Downs (1979). 
Another hypothetical phylogenetic tree was 
constructed with clades that represented the geographic 
range categories of the species (refer to Table 3 of 
Chapter 1 for an explanation of geographic range 
categories). As before, within any clade, the species were 
arranged in soft polytomies. The same tests were conducted 
as explained above, and once again, in each case, scores 
from the tests suggest that the Bayesian Inference tree-
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provides a better estimation of the evolutionary history 
of these species (P = .000 for both KH & SH Likelihood 
tests, P < .0001 for KH parsimony test). These results do 
not support the hypothesis that members from the different 
proposed biogeographic categories share lineages. 
Next, the hypothesis that Panamanian endemics have 
all arisen from a recent common ancestor was tested. A 
hypothesis tree was constructed that artificially forced 
Panamanian endemics to share a most recent common 
ancestor, but allowed all other species to retain the 
relationships as proposed by the Bayesian analysis. This 
hypothesis tree was then tested against the unaltered 
Bayesian tree using the same tests as mentioned above. The 
results of each of these tests suggest that Panamanian 
endemics did not arise from a single most recent common 
ancestor (P = .000 for both KH & SH Likelihood tests, P < 
.0013 for KH parsimony test). This suggests that 
Panamanian endemics are from separate lineages, and may 
represent different invasions through the Panamanian 
Isthmus. 
I 
Also, trees were examined to see if the two C3 
species shared a common ancestor, and whether the C3 
species retained this ancesjtral character, or reverted 
back to it. Both C3 speceies, A. germinyana and A. 
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veitchii came out as nearest sister taxa in all analyses 
conducted (see Figures 3, and 5, and Appendix C), so 
there was no need to conduct tree topology tests as above. 
Their relative position on the phylogenetlc tree suggests 
a single reversion to the ancestral character, because 
species basal to them are CAM (see, for example. Figure 
3). 
Next, the hypothesis that obligate terrestrials 
shared a common ancestor was tested, and trees were 
Inspected to determine whether these species retained or 
reverted to this ancestral character. To determine If 
terrestrials shared a recent common ancestor, each of the 
three aforementioned tests were run on the Bayeslan tree 
from the chloroplast data set. Each of these tests suggest 
that terrestrials do not share a most recent common 
ancestor (P = .005 for both KH & SH Likelihood tests, P < 
.00116 for KH parsimony test). Interestingly, though, the 
Bayes analysis does suggest that two terrestrials of the 
putative Chevaliera subgenera, A. magdalenae and A. 
tayonensis do share a recent common ancestor, as do A. 
hrueggeri and A. pabstii, two terrestrial Brazilian 
endemics (from different putative subgenera). When 
examining trees produced from the chloroplast concatenated 
data set. It appears as though this reversion to the 
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ancestral character occurred at least twice independently 
(Figure 3). However, when including all available 
Bromelioideae sequences, it appears as though A. 
magdalenae may have retained the ancestral character, 
although that node is poorly supported (Figure 6 in this 
Chapter). 
Comparing Genetic and Geographic Distances 
Mantel tests were conducted to determine if there was 
an association between genetic distances and geographic 
distances among the individuals sampled. In each of the 
cases (matK, rpsl6, and ITS2), no statistically 
significant relationship between genetic distances and 
geographic distances were found (Table 10). This argues 
against a simple "friction-of-distance" scheme. 
Table 10. Results from permutated Mantel tests for each 
genetic locus. 
Locus Coefficient of Permutation 
Linear Correlation Probability 
MatK -.0719 .258 
rpsl6 .1211 .094 
ITS2 .0178 .401 
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Aechmea and Molecular Dating 
Times since divergence were estimated for the sampled 
group of Aechmea species using previously published rates 
of substitution for matK and ITS2. Assuming a substitution 
rate for matK of 1.4 x 10~® substitutions per site per 
year (as in Koch et al., 2001), estimated maximum, modal, 
and average divergence times for Aechmea are 5.2, 1.6, and 
2 m.y.a., respectively, with a standard error of .03 
million years. An independent estimate of maximum and 
average divergence times using distances from the ITS2 
loci (and a substitution rate estimated to be about 4 x 
10~® substitutions per site per year, as in Richardson et 
al. (2001)) are 5.2 and 1.8 m.y.a. (standard error is 
approximately .081 million years), respectively. 
Because 5.2 m.y.a. is the maximum divergence time for 
both matK and ITS2, it was used to estimate the rate of 
substitution for rpsl6. The estimated rate of substitution 
was calculated at 1.48 xlO"^ substitutions per site per 
year for rpsl6, the third locus examined, for which, as 
far as I know, a clock rate has not been published. 
Reassuringly, this rate estimate for rpsl6 is in agreement 
with Richardson et al. (2001) who state that cp loci have 
substitution rates of approximately 1.00 x 10"^ 
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substitutions per site per year with an upper limit of 
3.00 X 10~® substitutions per site per year. 
Phytogeny of the Bromelioideae 
An analysis of the matK data set was performed which 
compiled sequence data from this research with other 
available public sequence data for matK in the 
Bromelioideae. This approach was limited to matK because 
among the Bromeliaceae, it has received more attention 
than either of the other two markers employed in my work 
(rpsl6 and ITS2). While the more basal Bromelioideae 
(genera Puya, Greigia^ and Bromelia) are well-resolved, 
monophyletic groups, analysis of this data set supports 
the hypothesis that Aechmea may be polyphyletic (Crayn et 
al., 2004; Gelli de Faria et al., 2004; Schulte et al., 
2005) (see Figure 6). 
Although the systematic treatment of Aechmea as it 
stands today may not include genera that group within 
Aechmea, it is important to remember that these plants are 
all very closely related and recently derived, as evinced 
from genetic distance data (Table 9). The idea of a "super 
Aechmea" clade containing several groups in the derived 
Bromelioideae may be warranted. 
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CImaliera sphaerocephala 
A. haltonii!*&12* 
A.capLcabe5*&27*,A.angusiifolia 19* 
A.lamarchei 
Poriea petropolitana 
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/4. burle-inarxii* 
A. warasii* 
Billbergia decora 
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Ursulaea luitensis 
Femseea ilaiiaiae 
11X1 
A. niidicaulis I* <S16* 
A.dulichantha 
Wiitrockia superba 
A. gracilis,A. kerieziae,A. calyculaia,A.racinae 
Q.laterala. Auesinelia boniana.A.fasciculata.A. binoiii. A.pimnti-vebsii,N.procerum 
Billbergia natans 
Edmundoa lindenii 
Neoregelia spp. 
Neoregelia laevis 
Poriea lepiantha 
A. mariae-reginae I*&15* 
Androlepsisskinneri,A. mexicana 1*&13*,-4. penduHfora 21*&23*.A.lueddemannia 
Lymania ahimii 
A. lingiilata 1&2* 
A. aetigera* 
4A.aUenil2*&3* Onhophytum supthutti Streptocalyx(Aerhmea)poepigii 
A.germinyana*.A. veitchii 1* 
A. veitchii2* 
A. landuzii* 
A. layonensis* 
Neoglaziovia variegaia 
A dacrylma 1*.A. alleniil*.A. sirobilina 1*&2* 
A. pubescens 1*&2* 
Acanthostachysstrobilaceae 
h;
Crypianlhus glaziovii 
A.rhaniinii35*&36* 
C.fosierianum. A.pabslii*.A.broniel^lia* Lcorallina*.L smithii*. A.filicaulis 
AerococcousflageUifolius,Aerococcousgoeldianus 
Hoenbergia siellaia 
A. hracteata 15* 
Quesnelia edmundoi 
A. bracleaia 22* 
Hoenbergiopsisguaiemalensis 
A. dactylina 13* 
Ronnbergia petersii 
A. magdaleruie I*&26* 
Ananasnanus.Ananascomosus* 
Cryptanthus beuckeri* 
rE Crypianlhus bahianus A.angusiifolia 22*d 31* 
Diencamhon urbanianum 
Ochagavia elegans 
Ochagavia liloralis 
Bromelia plumeri*,Bromeliaserra 
Bromelia pingiiin* 
Bromelia crsyaniha 
Greigia mulfordii 
Greigia sphacelaia 
Puya werdennannii 
<Puya alpestris,Puya densiflora 
Figure 6. Bayesian majority-rule consensus showing 
compatible groups from matK. Species currently treated 
within Aechmea are blue. Posterior Probabilities greater 
than 50 are shown. Species with asterisk are those that 
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were sequenced in this study, all others are sequences 
from genbank. 
The maximum genetic distance (for the portion of the 
matK gene used in this analysis) between any two members 
of the sampled Bromelioideae was 2.4%. From this, maximum 
divergence time for the Bromelioideae were estimated from 
this data set at approximately 10 million years ago. 
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CHAPTER FOUR 
DISCUSSION 
The main goal of this study was to provide insight 
into the evolutionary and geographic radiation of an 
interesting and diverse group of neo-tropical plants, with 
a primary focus on Panamanian species because of the 
unique geologic history of this region. This study 
provided information on the 1) phylogenetic relationships 
of a subset of Aechmea species and a related genus 
(Lymania), 2) evolution of ecologically important 
physiological and growth form traits, and 3) the 
biogeographical relationships and evolutionary history of 
this group of plants. Also, the results of this study 
suggest an adaptive radiation for these species, and 
multiple colonization events of the Panamanian Isthmus. 
Adaptive Radiation and the Cradle Hypothesis 
Components of an Adaptive Radiation 
Much of the phylogenetic work on the Bromeliaceae has 
cited a rapid adaptive radiation for members of this group 
(Benzing, 2000; Crayn et al., 2004; Givnish et al., 2004). 
Adaptive radiation involves the ecological diversification 
of a lineage (including morphological and physiological 
traits) (Schluter, 1996). According to Roy et al. (2004), 
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Schulter identified four characteristics that together 
represent an adaptive radiation: 1) the taxa in question 
have a common ancestor, 2) the taxa exhibit varying 
phenotypes, 3) the taxa must have different functional 
traits, and 4) the taxa must have experienced a rapid 
divergence. My study indicates that the Aechmea lineage 
fulfills each of these criteria: 1) although this study 
suggests that the current systematic treatement of Aechmea 
is polyphyletic (Figure 6), these species are closely 
related (maximum ingroup sequence divergence at less than 
two percent for the chloroplast loci, and a minimum 
sequence divergence of 0 for all the loci, see Table 9 in 
Results chapter) and recently derived (this study 
estimates maximum ingroup divergence at approximately 
5.2My), and therefore share a relatively recent common 
ancestor. 2 & 3) The present study examines multiple 
functional phenotypes, including varying photosynthetic 
pathways and life-form characters. 4) The present study 
shows low sequence divergence in neutral markers which 
indicates a rapid divergence (Kim et al., 1996; Richardson 
et al., 2001). 
The Tropics as a Cradle for Diversity 
There has been a long-standing debate concerning 
evolution in the tropics that aims to explain the 
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observation of high species diversity in the tropics (as 
reviewed in Richardson et al, 2001). The "museum" 
hypothesis holds that the tropics harbor high numbers of 
species because the tropics are older, and have had a 
relatively stable climate for longer periods, leading to 
fewer extinctions. The "cradle" hypothesis suggests that 
speciation occurs faster in the tropics, and this may be 
due to higher rates of molecular evolution or strong 
biotic interactions (Richardson et al., 2001; Kay et al., 
2005; Mittelbach et al., 2007). In short, the "museum" 
hypothesis predicts that species divergences in the 
tropics are ancient whereas the "cradle" hypothesis 
predicts that species divergences are relatively recent. 
Of course, different plant lineages have different 
evolutionary histories, and either of these hypotheses 
could hold true depending on the lineage in question. 
Richardson et al. (2001) explain that if the diversity 
seen in the tropics has arisen relatively recently, there 
should be few nucleotide substitutions and short branch 
lengths in the molecular phylogeny of the lineage. Aechmea 
seems to fit the "cradle" model, as there has been an 
explosion of species, all within a very short amount of 
evolutionary time. Maximum divergence time within Aechmea 
is approximately 5.2 MY with very few nucleotide 
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substitutions noted for each of the loci examined (Table 9 
of Results Chapter). 
Biogeography of Aechmea 
Biogeographic Range Category Hypothesis 
At the beginning of this study, it was hypothesized 
that older, ancestral lineages may have a wider 
distribution than newly evolved species because they would 
have a longer time to disperse. Similarly, it was 
hypothesized that endemics, and especially the Panamanian 
endemics, would represent more derived lineages because of 
the time constraints of the closing of the isthmus. This 
led to the construction of biogeographic range categories 
(see Tables 3 & 6 of Introduction chapter) that grouped 
species sharing similar distribution patterns, and it was 
hypothesized that members of categories may be closely 
related. This hypothesis was tested by constructing trees 
constrained to this hypothesis and evaluating them with 
topology tests compared to the Bayesian evolutionary 
reconstruction, and it was found that these categories did 
not accurately reflect evolutionary history (P = .000 for 
KH and SH likelihood tests). Also, from examining the 
topology of the Bayesian cpConcatenated tree, it is clear 
that these range categories do not reflect evolutionary 
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history: each of the clades that contain more than a 
single species also contain more than a single geographic 
range category with the exception of A. bicolor and A. 
burle-marxii, two Brazilian endemics (Figure 3, Results 
chapter). In conclusion, the current day distribution and 
evolutionary patterns amongst members of Aechmea are much 
to complex to be explained by these simple biogeographic 
categories. 
Multiple Invasions of the Panamanian Isthmus 
The fact that Panamanian endemics do not share a most 
recent common ancestor suggest that there were multiple 
invasions through the isthmus, and there was not a single 
front of expansion from the origin in Brazil 
northwestward. 
The results from the Mantel test also support the 
multiple invasion hypothesis: there was no significant 
correlation between genetic distances and geographic 
distances. A "friction-of-distance" hypothesis would 
predict that species from the same geographic regions 
would be closely related evolutionarily as well (and 
therefore have correspondingly small genetic distances). 
The absence of any correlation between these two variables 
suggests that there were multiple lineages dispersing 
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(i.e. species in the same geographic region needn't be 
close evolutionarily because they may represent separate 
lineages undergoing a dispersion). 
From our phylogenetic analysis, we can conclude that 
there is not a simple "friction of distance" mechanism 
operating in this genus because species with wide 
distributions are not necessarily ancestral to those with 
narrower distributions. For example, A. allenii, a 
Panamanian endemic, is a member of the most basal polytomy 
and four of the five, broadly distributed species included 
in this study (A. tillandsioides^ A. penduliflora, A. 
bromelifolia, A. nudicaulis) are included in the most 
derived polytomy (Figure 3, Results Chapter). Likely, 
there are other important factors influencing the 
distribution of individual Aechmea species aside from 
phylogeny, such as different pollinator requirements, 
differences in seed dispersal mechanisms, and different 
eco-physiological constraints. 
Biogeography and Aechmea 
Despite the assertion that tropical climates have 
long been relatively undisturbed (Fischer, 1960), 
Richardson et al. (2001) and Kay et al. (2005) point out 
that two recent geologic events likely influenced the 
evolutionary'history of neotropical taxa, including the 
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closing of the Panamanian Isthmus (approximately 3.5 Ma) 
and the uplift of the northwestern Andes (approximately 5 
Ma). The divergence time (maximum of approximately 5.2 Ma) 
estimated for samplecj. Aechmea species suggest that both of 
these geologic events may have occurred near the same time 
Aechmea was undergoing its radiation, and therefore may 
have affected speciation and/or geographic movement of 
species within Aechmea. 
Keeping this perspective in mind, there are some 
trends with respect to how current species distributions 
relate to geologic history and phylogeny. Although 
relationships between phylogeny and geographic 
distributions are complex, the phylogenies suggest that 
the Andes may have served as a barrier to some of the taxa 
by limiting the southward dispersal of derived species 
after an initial period of multiple invasions of the 
Panamanian isthmus. 
First, the clade containing A. bracteata, A. 
dactylina, A. strohilina, and A. pubescens is present in 
analyses of all the datasets (Appendix C, cf. Figures 4, 
8, 12, 16 and 20, see label "A" on Figure 3 of Results 
Chapter). Each of these species shares a Northern-biased 
distribution (i.e., they are found only North of Brazil) 
that is north of the Andes, and the distributions for 
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these species overlap in Panama. It is possible that, 
after speciation in this lineage occurred locally, the 
uplift of the Andes constrained these species from 
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dispersing southeastward (into the Brl'zil region), whereas 
the Panamanian isthmus provided suitable ecological 
habitats for these plants to colonize. 
Second, the clade containing A. angustifolia, A. 
chantinii, A. tillandsioides, and A. setigera are all 
either Southern-biased (meaning they reach their northerly 
extent in Panama/Costa Rica) or widespread (with 
distribution spanning from Brazil to areas north of the 
isthmus (Figure 3 of Results chapter). All members of this 
clade share similarities in their distributions in that 
they can be found on either side of the Andes and the 
Panamanian isthmus, suggesting that there are suitable 
habitats in both these regions for members of this clade 
(Appendix B Figure 3). The fact that members of this clade 
are found on either side of the Andes suggests that either 
the Andes do not represent a barrier to dispersal for 
members of this clade or that the common ancestor of this 
clade had dispersed northward previous to the rise of the 
Andes. 
In the most derived polytomy (Figure 3 of Results 
Chapter, marker C), each of the geographic range 
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categories are represented, but, in these most-derived 
sub-clades (Figure 3 of Results Chapter), there seems to 
be a geographic association in that most of the clades 
have members whose distributions overlap (cf all maps in 
Appendix B). This suggests that further speciation 
occurred locally, perhaps constrained by the geologic 
events such as the barrier of the Andes and the formation 
of the Panamanian isthmus. The only exception to this is 
the cpDNA clade containing A. angustifolia 19, A. 
capixabe, and A. warasii (two Brazilian endemics)(See 
Appendix B Figure 2). Two other members of the species A. 
angustifolia were sequenced as well, and came out in 
another clade with other south and widespread species (as 
described in previous paragraph). However, the disjunct 
observed in this clade may be due to a past hybridization 
event, as discussed in the following section. 
Most of this study's analysis focuses on the 
phylogeny constructed from the concatenated chloroplast 
data set, because this is the largest data set (with 
respect to number of species included) available. However, 
the Bayesian phylogeny constructed from all three loci 
concatenated is better resolved. It includes the largest 
number of phylogenetically informative characters, and it-
incorporates information from two separate genomes for 
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each of the taxa (Figure 20, Appendix C). Therefore, it 
too is helpful in understanding the biogeography of this 
group. From this reconstruction it appears that in 
general, species found only in northern areas are derived: 
all species restricted North in this data set (with the 
exception of A. tonduzii which occurs as part of a basal 
polytomy and A. tayonensis which appears to be more 
closely related to the outgroup species than to other 
Aechmea) including Panamanian endemic species are found in 
the two most derived clades (Figure 20, Appendix C). In 
each of these two clades there are broadly distributed 
species. A. nudicaulis, a widespread species ranging from 
Brazil to Mexico, is the most basal species in one of 
these clades, and A. penduliflora (Brazil to Nicaragua) is 
present in the second clade, however the relationships 
between members in this clade are unresolved. Sister to 
these two clades are two species which are found in 
Brazil, and all species (again with the exception of A. 
tonduzii and A. tayonensis) basal have some sort of a 
south-biased distribution (either found in southerly 
regions or are endemic to Brazil). This supports the 
conclusions from previous research that members of this 
group originated in Brazil (reviewed in Benzing, 2000). 
Also, it suggests a later diversification in the north 
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around the isthmus of Panama from a broadly distributed 
common ancestor. 
. Interestingly, in this analysis. A, tayonensis 
appears in a polytomy with the outgroup. Ananas comosus. 
While in the same subfamily. Ananas is generally believed 
to be somewhat distantly related to Aechmea (Crayn et al., 
2004), suggesting perhaps a misclassification of A. 
tayonensis in the genus Aechmea. 
Evidence of Hybridization 
Hybridization can be thought of as a "chloroplast 
capture" or an introgression (gene movement) between 
species (as reviewed by Avise, 2004). Hybridization in 
plant taxa is somewhat common and well-documented, and 
many molecular analyses have uncovered contrasting 
phylogenies when comparing uni-parentally inherited 
markers to biparentally inherited markers (Baldwin, 1990). 
In the concatenated chloroplast data set, three A. 
angustifolia samples were sequenced and were found in the 
derived polytomy, two of which came out in one minor clade 
as sister taxa (A. angustifolia 22 and 31) and one came 
out in a separate minor clade, closely related to 
Brazilian endemics. (A. angustifolia 19)(Figure 3 of 
Results chapter). The nuclear dataset, however, suggests 
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that the A. angustifolia samples are actually closely 
related. This dichotomy may represent a hybridization in 
the lineage of A. angustifolia 19. This, too, suggests 
closely related taxa and a rapid divergence of species in 
that they may not be fully reproductively isolated. 
Morphology and Molecules: The Smith and 
Downs (1979) Subgenera and the 
Closely Related Genus Lymania 
Much of the past work concerning the evolutionary 
history of the Aechmea and the Bromeliaceae as a whole has 
concentrated on morphological characters (Smith & Downs, 
1979; Gelli de Faria et al., 2004). Since the advent of 
molecular techniques for phylogeny reconstruction, a 
debate has existed concerning which method better reflects 
evolutionary history. Despite the difference in ideology 
and methodology of the two techniques, however, there are 
many instances where morphological phylogenies support 
molecular phylogenies (Hillis, 1987; Taylor, 1999; 
Gustafsson et al., 2002). This study found many 
discrepancies between the two types of data, but, there 
were many findings that were in concordance with 
morphological work as well. 
In 1979, Smith and Downs grouped all known Aechmea 
species into subgenera based on largely on floral 
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morphologies (Table 4 of Introduction chapter). However, 
this molecular data suggested that most of these groupings 
are inappropriate and that these subgenera are actually 
polyphyletic, as members from each of the proposed 
subgenera are found scattered throughout the tree, often 
in clades with members of different subgenera (Figure 1 in 
Results Chapter). The two possible exceptions to this are 
the subgenera Ortgiesa and Lamprococcous. The two members 
studied from Ortgiesa form a well-supported clade distinct 
from any other subgenus in several of the analyses, 
suggesting the possibility that this subgenus is 
monophyletic. Likewise, the two sampled members of the 
genus Lamprococcous share a clade when examining each of 
the three loci concatenated (Figure 20, Appendix C). 
However, it is important to note that sampling within both 
of these subgenera was limited, and if more members were 
included in the study, they may appear to be polyphyletic 
as well. Interestingly, the 21 members of Ortgiesa share a 
very narrow distribution, all of them being endemic to 
regions of Southern Brazil, suggesting that at least for 
this group, geography coincides with phylogeny. 
Our findings here that suggest the Smith and Downs 
(1979) subgenera do not reflect evolutionary history are 
supported by other recent studies. Gelli de Faria et al.'s 
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morphological study (2004) found all putative subgenera to 
be polyphyletic except for the possible cases of 
Macrochordion and Chevaliers. Schulte et al.'s molecular 
(2005) study suggested that each of the sampled subgenera 
{Chevaliers not sampled) were polyphyletic. In conclusion, 
the results from these past studies coupled with the 
present study suggest that none of the subgenera set forth 
in Smith and Downs (1979) accurately reflect evolutionary 
history. 
The results from this study support the placement of 
Lymania within Aechmea, as do those from Gelli de Faria 
(2004). Similarly, the study by Crayn et al. (2004) could 
not phylogenetically distinguish Lymania from Aechmea. 
Taken toegether, these studies challenge the suggestion of 
Read (1984) that Lymania is a genus distinct from the 
current delineation of Aechmea. 
Evolution of Ecological and Physiological Diversity 
Photosynthetic Pathway 
This study suggests that among the species sampled in 
the genus Aechmea there was a single reversion from CAM to 
C3 in the lineage leading to both A. veitchii and A. 
germinyana. Traditionally, the C3 pathway is thought to be 
favored in cool, moist environments and CAM is favored 
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where water may be limiting (Liittge 2004). Interestingly, 
the collection sites for A. veitchii in Panama are such 
environments, in high altitudes and cloud forests such as 
El Cope and Fortuna. However, according to Bert & Luther 
(2005) both these species can also be found at very low 
elevations (sea level), in hot, lowland forests. Yet, in 
the cpConcatenated Bayesian analysis, the two 03 species 
are sister to two Brazilian endemics in a clade that is 
basal to the derived polytomy (Figure 3, marker "B", 
Results chapter). This is interesting because Brazil is 
the center of origin for the Bromeliaceae, and 03 is the 
ancestral character for this group (Orayn et al., 2004), 
suggesting that perhaps the lineage for these species 
arose in an area conducive to the 03 photosynthetic 
pathway. Reversions from the 0AM to the 03 pathway have 
been noted previously within the Bromelioideae: at least 
one Puya member has reverted to 03 photosynthesis as well 
(Orayn et al., 2004). 
Life-Form Characters: Epiphytes and Terrestrials 
The debate regarding the evolution of these two 
characters has been long studied: As reviewed in Orayn et 
al. (2004) Schimper in 1898 hypothesized that epiphytes 
evolved from terrestrial shade-loving plants from moist 
environments that later moved up into trees and toward the 
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top of the forest canopy. Pittendrigh (1948), on the other 
hand suggested that the ancestors to epiphytes entered the 
forest from savannahs, and therefore were evolved from 
terrestrials adapted to open habitats. Crayn et al. (2004) 
concluded that for the Bromelioideae, a combination of 
these two schools of thought likely occurred: the 
ancestral bromeliad was likely a terrestrial from exposed 
but moist environments. 
In this study, among the most basal of the Aechmea 
(A. lingulata, in a most basal polytomy with A. allenii, 
Figure 3 Results Chapter) is found living both 
terrestrially and epiphytically suggesting that the common 
ancestor to all Aechmea species had already evolved the 
capacity to live epiphytically, but may have retained the 
ability to live terrestrially as well (Figure 12 in 
Appendix C). This is also supported by the Crayn et al. 
(2004) analysis 
Within this sampling of Aechmea, epiphytes (including 
obligate and facultative species) occur acposs all 
geographic ranges and across the phylogenetic tree. 
However, there are three clades in the most derived 
polytomy that contain only Aechmea species that are 
obligate epiphytes (see "A" markers on Figure 12,Appendix 
C). Interestingly, in the combined (including all three 
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loci) parsimony analysis, these three clades are joined 
into one clade (Figure 18, Appendix C). Thus, it is 
possible that the capacity to be terrestrial was lost in 
only two lineages in this sampling of Aechmea, once in the 
aforementioned lineage, and once in the lineage leading to 
A. allenii (not included in Figure 12 data set, see Figure 
3 in Results Chapter for phylogenetic position). 
This study suggests that there were multiple 
reversions in which the capacity to be epiphytic was lost. 
Obligate terrestrial species are present in two distinct 
clades, one containing the terrestrial Brazilian endemics, 
and another containing the terrestrial members of the 
subgenus Chevaliera (Figure 3, Results Chapter). In the 
larger analysis of the Bromelioideae, using a portion of 
matK only, A. magdalenae, one of the obligate 
terrestrials, is in a clade with the Ananas species 
(Figure 6). Ananas is a more basal lineage (while it is in 
the same subfamily, it is basal to even the outgroup genus 
Cryptanthus) comprised of obligate terrestrial species 
(Crayn et al., 2004). Although this analysis is somewhat 
speculative because it is based on only a portion of matK 
from the chloroplast genome, this may suggest that A. 
magdalenae retained the ancestral character of 
terrestrialism, and may not be a true Aechmea species. 
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However, this result is not supported from the 
concatenated data analysis that places h. magdalenae 
within Aechmea with high posterior probability support 
(Figure 3, Results Chapter). 
Phylogeny of the Bromelioideae 
It is clear from the genetic distances of the sampled 
plants that taxa currently included in Aechmea are all 
very closely related (Minimum genetic distance of 0, mean 
genetic distance less than one percent for cploci, see 
Table 9 of Results section). However, the genus itself is 
likely polyphyletic because members currently classified 
within Aechmea are actually scattered throughout the 
Bromelioideae and are present in subclades with members of 
many different genera including Portea, Quesinelia, 
Neoregelia, and Lymania (Figure 6, Results chapter). 
Despite this, each of the members for which sequences 
could be obtained (either in this study or through public 
databases) are part of the core Bromelioideae, which 
warrants the analysis of these members as a "super 
Aechmea" clade, containing several of what now are 
considered distinct genera. The estimate of maximum 
divergence time for this group at approximately 10 million 
years is consistent with that published by Givnish et al. 
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(2004), that estimated divergence of the Bromelioideae to 
have occurred approximately 9.4 m.y.a. 
Also, it is worth mentioning that the data from this 
study combined with sequences from GenBank suggest that 
Bromelia is a monophyletic grouping. 
Conclusion 
This study lends strong support to the idea that 
members of Bromeliaceae have undergone a recent adaptive 
radiation, and therefore show that, at least in part, 
diversity in the tropics is due to a fast speciation rate 
and that the tropics can be a "cradle" for new 
diversification and exploitation of varying ecological 
niches through the diversification of ecophysiological 
traits within a lineage. Evolution of these characters in 
a genus may be complex, as it is with life-form 
characters, where there seems to be some degree of 
convergence because the different characters (epiphyte, 
terrestrial, or both) are found in multiple clades, or 
relatively simple, aSi,.it is with the pattern of evolution 
of photosynthetic pathway (a single reversion to C3) in 
these species. 
As with any group that has undergone such a rapid 
radiation, evolutionary relationships between Aechmea 
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species and their geographic distributions are complex and 
difficult to understand fully due to low molecular 
i , " ' . 
variation. However, it is likely that the geologic history 
of this neo-tropical zone (including the closing of the 
Panamanian Isthmus and the uplift of the Andes) has 
influenced speciation and dispersion within this genus. In 
particular, it appears that there were likely multiple 
invasions across the Panamanian isthmus, coupled with 
speciation in situ on the land bridge and the regions 
surrounding. It is likely that the presence of the Andes 
constrains some taxa (and lineages) from regressing 
southwestward. 
Also, this study echoes findings of previous 
morphological and molecular work that calls for a revision 
of the current systematic treatment of Aechmea (Schulte et 
al., 2005; Crayn et al., 2004; Gelli de Faria et al., 
2004). 
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Table 1;Sample Individuals that were sequenced in this study. Listed are collection 
information(when available)including GPS coordinates, Locality names,and country 
where sample was originally collected. Smith and Downs(1979)subgenus is included 
for each >Aec/7/r7ea sample. 
Sample Name Subgenus GPS(N)* GPS(W) Locality Country 
(in degrees 
minutes 
(in degrees 
Name 
seconds) 
minutes 
seconds) 
A. allenii(1) Pothuava 0901 14.9 693230.1 Gerro Jefe Panama 
A. allenii(2) Pothuava 0901 14.9 693230.1 Cerro Jefe Panama 
A. allenii(3)** Pothuava 085809.14 7931 46.54 Code Panama 
A. angustifoiia(19) Aechmea 085645.2 82 1014.2 Chiriqui Grande Panama 
A. angustifoiia(22) Aechmea 09 0238.9 82 1721.8 Palma Real Panama 
A. angustifoiia**(31) Aechmea 1001 12.0 84 1348.2 Alajuela Costa Rica 
A. bicoior*** Ortgiesa 132605.69 41 5826.19 Bahia Brazil 
A. bracteata(15)** Aechmea 095848.0 84 5024.5 Puntarenas Costa Rica 
A. bracteata(22) Aechmea 254948.0 108 1348.2 Sinaloa Mexico 
(paciUca variety)** 
A. bromeiifoiia*** Macro- 183450.0 4626 17.6 Minas Gerais Brazil 
chordion 
A. brueggeri(11)*** Pothuava 2331 47.36 463748.1 Sao Paulo Brazil 
A. brueggeri(30)*** Pothuava 183450.0 4626 17.6 Minas Gerais Brazil 
A. burle-marxii*** Ortgiesa Brazil 
A. capixabe(5)*** Lampro- 193456.5 4046 12.13 Espirito Santo Brazil 
coccous 
A.capixabe(27)*** Lampro- 193456.5 4046 12.13 Espirito Santo Brazil 
coccous 
A. chantinii(35)*** Piaty- 01 4750.13 78 11 30.9 Napo Ecuador 
aechmea 
A. chantinii(36)***(pink Piaty- 0037 00.7 774351.2 Napo Ecuador 
banners variety) aechmea 
A. dactyiina(1) Aechmea 0901 14.9 793230.1 Cerro Jefe Panama 
A. dactyiina(13)** Aechmea 
A.germinyana** Chevaiiera 070836.7 765036.8 Columbia 
A. haitonii(1) Podaechmea 083038.4 81 05 11.5 Santa Fe Panama 
A. haitonii(12) Podaechmea 083051.5 81 06 12.8 Santa Fe Panama 
A.iinguiata(1) Aechmea 084016.9 803544.9 El Cope Nat. Panama 
Park 
A.Iinguiata(2) Aechmea 0840 18.4 803546.9 El Cope Nat. Panama 
Park 
A. magdaienae(1) Chevaiiera Gamboa Panama 
Living 
Collection 
A. magdaienae(26)** Chevaiiera 16 57 18.6 8852 24.00 Cayo Belize 
A. mariae-reginae(1) Pothuava 085627.6 82 9 38 Panama 
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Sample Name Subgenus GPS(N)* GPS(W) Locality Country 
(in degrees 
minutes 
(in degrees 
Name 
seconds) minutes 
seconds) 
A. mariae-reginae(15) Pothuava 084954.0 82 11 05.7 Panama 
A. mexicana(1) Podaechmea 091259.8 793600 Campana Panama 
A. mexicana(13) Podaechmea 083047.4 81 07 00.5 Santa Fe Panama 
A. nudicaulis(1) Pothuava 0851 18.8 82 10 52 Mali Panama 
A. nudicaulis(16) Pothuava 085029.2 82 1058.7 Rio Guabo Panama 
A.pabstii*** Macro- 132605.69 41 58 26.19 Bahia Brazil 
chordion 
A. penduiiflora(21) Aechmea 090044.2 8216 44.6 Chiriqui Panama 
Grande 
A.penduiiflora(23) Aechmea 0914 58.5 822438.1 Palma Real Panama 
A.pubescens(1) Aechema 091259.8 793600 Campana Panama 
A.pubescens(2) Aechmea Gamboa Panama 
Living 
Collection 
A.setigera Aechmea 0907 16.88 7941 51.4 Gamboa Panama 
A. strobilina Aechmea 091205.4 792323.8 Cerro Azul Panama 
A.strobiiina Aechmea Gamboa Panama 
Living 
Collection 
A. tayonensis*** Chevaliera 04 04 12.3 78 58 12.16 Zamora Ecuador 
A. tiiiandsioides(1) Piaty- 085252.4 82 10 38.1 Past Rio Panama 
aechmea Guabo 
A. tiiiandsioides(2) Platy- 085402.0 82 1057.8 Past Rio Panama 
Aechmea Guabo 
A. tonduzii Pothuava 0840 16.9 80 3544.8 El Cope Nat. Panama 
Park 
A. veitchii(1) Chevaliera 084312.2 8214 18.5 Fortuna Panama 
A. veitchii(2) Chevaliera 0840 16.9 803544.9 El Cope Panama 
A. warasii*** Lampro- 2021 54.19 403926.9 Brazil 
coccous 
Ananascomosus Gamboa Panama 
Bromeiia plumed Gamboa Panama 
Bromeiia penguin Gamboa Panama 
Cryptanthus beucked** Bahia Brazil 
Lymania coralUna** Bahia Brazil 
Lymania smithii** Bahia Brazil 
^.w WWM... LI IUI I liwiuilll^ iv^l OUIICOLCU UCIUW LI IC CCJl 
(indicated by an asterisk nextto the species name) 
**Sample was collected from Marie Selby Botanic Gardens: locality information was recorded 
from identification tag and GPS coordinates were estimated from these. 
*** Both ofthe above notes should be taken into accountfor this sample 
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Figure 1: Map showing distributions of two species in most basal polytomy in cpConcatenated 
Bayesian analysis (Figure 1a Results Chapter), A. allenii, a Panamanian Endemic, and A. Lingulata, a 
widespread species 
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Figure 2: Map showing distributions ofciade(from cpConcatenated Bayesian anaiysis, Figure la of Resultschapter) 
containing one of the^. angustifolia(southern biased),A. capixabe(an endemic to the Espirito Santo region of Brazil), 
and A. warasii(an endemic to the Espirito Santo region of Brazil) 
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Figure 3: Map showing distribution of species in ciade(from cpConcatenated Bayesian analysis, Figure 1a of 
Resuits Chapter)containing 2 A. angustifolia specimens(southern biased), A. chantinii(southern biased), A. 
tiiiandsioides(widespread),and A.setigera(southern biased) 
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Figure 4: Map showing distributions of species in ciade (from ccpConcatenated Bayesian analysis, Figure 1 a of Results 
chapter) containing A bromelifolia (widespread), A. brueggeri (endemic to the Minas Gerais area of Brazil), and A pabstii 
(endemic to the area of Bahia Brazil) 
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Figure 5: Map showing distribution of species inciade (from cpConcatenated Bayesian anaiysis, Figure 1a Results 
chapter) with A. ha/fon//(Panamanian Endemic), 4. mexicana (northern biased), A. mariae-reginae (Panama/Costa Rica 
endemic), and A. penduiiflora (widespread) 
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Figure 6: Map of distribution of species in clade(from cpConcatenated Bayes analysis, Figure la of Results chapter) 
containing A. bicolor(endemic to Bahia and Santa Catarina regions of Brazil)and A. burle-marxii 
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Figure 7: Map of distributions of species in ciade (incpConcatenated Bayesian anaiysis, Figure la of Results ctiapter) with 
A. germinyana (Northern biased) and A. veitchii (Southern Biased) 
115 
  
..V 
7_> 
r-r- =< 
fii. magdalenae 
^ A.tayonensis 
.>■ 
; f 
• A.tonduzii 
t)</ m■m s' »» ■ •. 'S 
ff'i* 
Figure 8: Distribution of species inclade (opConcatenated Bayesian analaysis, Figure 1a of Results Chapter) including A 
magdalenae (Northern biased) and A. fayonens/s (endemic to Peru/Ecuador), and A. fondaz//(northern biased) 
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figure 9: Distribution of speciesin^lSe' (cpConcatenated Bayesian analysis, Figure 1a Results cfia'piterfcbntaining /I.'
bracteata (Norltiern-biased), A. dactylina (Norttiern Biased), one of ttie A. allenii species (Panamanian Endemic) , A. 
pubescens (norttiern biased), and A. strobilina (Panamanian Endemic) 
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Figure 10: Map showing distribution of species in clade (iTS2 Parsimony analysis, Figure lb Resuts chapter) containing 2 
A. angustifolia specimens (southern biased), A. capixabe (Braziliian Endemic, Espirito Santo Region), A. tiilandsioides 
(widespread), A. nudicaulis (Broad), and Lymania smithii (endemic to Bahia, Brazil) 
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4S 
A bracteata 
A. dactylina 
V A. allenii 
A A. pubescens 
\ A. strobilina -K> 
Figure 11: Distribution of species in clade(iTS2 Parsimony anaiysis, Figure 1b results chapter)containing A. bracteata 
(Northern-biased), A. dactylina(Northern Biased),one of the A alleniispecies(Panamanian Endemic),A. pubescens 
(northern biased),and A. strobilina(Panamanian Endemic) 
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L-a 
r^-< 
K. 
A. haltonii n 
A. mexicana 
J 
Figure 12: Map showing distribution of species in clade(iTS2 Parsimony analysis, Figure lb results chapter)with A. 
haltonii(Panamanian Endemic), A. mexicana(northern biased) 
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  
'A.bicolor 
I 90 
I g2—' burle-marxii 
'A.tayonensis 
" A. mexicana 1 & 13,A.penduliflora 21&23 
"IE A. mariae-reginae 1 & 15 
EA.germinyana,A. veitchii 1 
A. veitchii 2 
EA.dactylina,A.alienii 1,A.strobilina 1 &2 
A.pubescens 1 &2 
EA.alienii2&3 
A.lingulata 1 &2 
EA.angustifoiia 31&22 
A. chantinii 35&36 
A.bracteata 15 
C.beuckeri 
A. warasii 
A. tonduzii 
A. tiilandsioides 1 &2 
A.setigera 
A.pabstii 32,A. bromelifolia,L coraliina,L smithii 
A. nudicaulis 1 & 16 
A. magdalenae 1 &26 
'A. haltonii 1 & 12 
'A. dactylina 13 
'A.capixabe 27&5,A.c 
'A.bruggeri 30&11 
'A.bracteata22 
Figure 1: Neighbor-joining majority rule consensusfrom matK sequences. 
Taxa sharing branches are identical for this locus. Parametersfrom the 
HKY+G model ofevolution were implemented. 1000 bootstrap replicates were 
completed,support is indicated at the nodes. Haplotype A includes A. 
dactylina,A. alienii 1,and A. strobilina 1 &2. 
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C. beuckeri 
A. allenii 2&3 
« A. bracteata 15 
« A. bracteata22 
« A. bruggeri 30& 11 
A.capixabe 27&5,A. angustifotia 19 
« A. dactylina,A. allenii 1,A.strobilina 1 &2 
A dactylina13 
« A. haltonii 1 & 12 
A. lingulata 1 &2 
'A. magdalenae 1 &26 
'A. mexicana 1 & 13,A. penduliflora 21&23 
'A. mariae-reginae 1 & 15 
'A. nudicaulis 1 & 16 
too 
A.pabstii 32,A. bromelifolia,L corallina,L smithii 
A.pubescens 1 &2 
A.setigera 
A. tillandsioides 1 &2 
A.tonduzii 
A. warsii 
A. angustifoiia 31&22
■IF° 
A. chantinii 35 & 36 
A. tayonensis 
A. bicolor 
A. burle-marxii 
A. germinyana, A. veitchii 1
"E A. veitchii 2 
Figure 2: Parsimony majority-rule consensus from matK sequences. Taxa 
sharing branches are identical for this locus. 1000 bootstrap replicates were 
performed, support is indicated at nodes. 
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  
C. beuckeri 
A. allenii2&3 
A. bracteata 15 
A. bracteata 22 
• A. brueggeri 11 &30 
A. capixabe5&27,A. angustifolia 19 
A. dactylina,A. allenii 1,A. strobilina 1 &2 
A. dactylina 13 
A. haltonii 1 & 12 
• A. lingulata 1&2 
A. magdalenae 1&26 
A. mexicana 1& 13,A. penduliflora 12&23 
« A. mariae-reginae 1 & 15 
« A. nudicaulis 1 & 16 
» A.pabstii 32,A. bromelifolia,L corallina,L smithii 
" A.pubescens 1 &2 
'A.setigera 
'A. tillandsioides 1 &2 
« A. tonduzii 
'A.tayonenss 
'A. warsii 
A. angustifolia 31&22
£ 
A.chantinii 35&36 
A. bicolor 
A. burle-maixii 
67 A.germinyana, veitchii 1 
A. veitchii2 
Figure 3: Maximum Likelihood majority rule consensus tree from matK 
sequences.Taxa sharing branches are identical for this locus. Parameters 
from the HKY+G model ofevolution were implemented. 100 bootstrap 
replicates were performed,support is indicated at nodes. 
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|CA.bicolor A. burlemarxii 
A.tayonensis 
t
58If A.dactylina, A. allenii 1,A. strobilina 1 &2 
A. pubescens1 &2 
A. warasii 
54 A. mexicana 1 &13,A. penduliflora 21 &23 
A. mariae-reginae 1 & 15 
100 A.germinyana,A. veitchii 1 
A. veitchii2 
87 A. angustifolia 31 &22 
A. chantinii 35&36 
A. bracteata 15 
A.tonduzii 
A.tillandsioides1&2 
A.setigera 
A. pabstii 32 
A. nudicaulis 1 &16 
A. magdalenae 1 &26 
A. haltonii 1 &12 
A. dactylina 13 
A.capixabe5&27 
A. bmggeri 11 &30 
A. bracteata22 
A. allenii 2&3 
C. beuckeri 
A. lingulata 1 &2 
Figure 4: Bayesian Consensusfrom matK data. Taxa sharing branches are 
identical for this locus. Posterior probabilities are indicated at nodes. 
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100 
A,Angustifolia19&22,A.chanitinii35&36 
A.tillandsioides1 &2 
A.angustifolia31 
A.setigera 
A.penduliflora21 
A.penduliflora23 
A.haltonii1 & 12,A.mexicana 1 & 13 
A.maiiae-reginael & 15 
A.bracteata15 
A.dactylina A.allenii 1,A.pubescens1 &2,A.strobilina 1&2 
A.bracteata22 
A.dactylina13 
A.bmeggen11& 30,A.pabstii 
A.bromelifolia 
A. warsii 
A.nudicaulis 
A.nudicaulisIB 
A.magdalenael&26,A.tayonensis 
A.tonduzii 
A.burle-mandi A. bicolor 
L smithii 
L corallina 
A.germinyan^ A. veitchii1&2 
A.capixabeS&27 
A.lingulata 1 
A.lingulata2 
A.allenii2 
€A.allenii3 
'C.beuckeri 
Figure 5: Neighbor-joining consensus tree from rps16sequence.Taxa sharing 
branches are identical for this locus. Parametersfrom the evolutionary model 
HKY+G were implemented in this analysis. 1000 Bootstrap replicates were 
performed, bootstrap support is indicated at nodes 
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A.penduliflora 21 
A.penduliflora 23 
A. haltonii 1 & 12,A. mexicana 1& 13 
A. mariae-reginae 1 & 15 
A. mexicana 1 & 13,A. haltonii 1 & 12 
A. angustifolia 19&22,A.chantinii 35&36 
A. tillandsioides 1 &2 
A.angustifolia 31 
A.setigera 
59j|-" A. bracteata22 
A.dactylina13 
A.bracteata15 
A. dactylina,A.pubescens 1 &2,A.strobilina 1 &2,A. allenii 1 
A. brueggeri 11 &30,A.pabstii 
A. bromelifolia 
A. warsii 
L. corallina 
smithii 
100 A. nudicaulis 
A. nudicaulis 16 
A. magdalenae 1 &26,A.tayonensis 
'I* A. tonduzii 
"100 IP* A.lingulata 1 
I* A.lingulata 2 
88 IP*" A. allenii2 
I* A.allenii3 
C.beuckeri 
A.germinyana,A. veitchii 1 &2 
A.capixabe5&27 
'A. burle-marxii, A. bicolor 
Figure 6: Maximum parsimony majority-rule consensus tree from rps16 
sequence.Taxa sharing branches are identical for this locus. Gaps were 
coded as a fifth state. 1000 bootstrap replicates were performed,support is 
indicated at nodes. 
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C. beuckeri 
90 A. allenii 2 
A. allenii 3 
Aburle-marxii,A. bicolor 
A. capixabe 5&27 
A.germinyana,A. veitchii 1 &2 
L corallina 
L smithil 
A.setigera 
A.angustlfolia19&22, A. chantinii 35&36 
A.angustlfolia31 
A. tiiiandsioides 1 &2 
A. bracteata 15 
A. dactylina,A. allenii 1, A.pubescens 1&2A. strobillna 1&2 
51 A. bracteata 22 
IOC A. dactylina13 
A. warasii 
60 
A. brueggdri 30& 11,A. pabstii 
A. bromelifolia 
Ahaltonii 1 & 12,A. mexicana 1 & 13 
A. mariae-reginae 1 & 15 
A. penduliflora 21 
A. penduliflora 23 
611 A. magdalenae 1&26,A. tayonensis 
A. tonduzii 
A. nudicaulis 
A. nudicaulis 16 
yjl"A.lingulata 1 
^A.lingulata 2 
Figure 7: Maximum likelihood majority rule consensusfrom rps16 sequences. 
Taxa sharing branches are identical for this locus. Parametersfrom the 
HKY+G model of evolution were implemented.100 bootstrap replicates were 
performed,support is shown at nodes. 
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  
A. angustifolia 19&22,A.chantinii 35&36 
A. tillandsioides 1 &2 
A. angustifolia 31 
A.setigera 
A.penduliflora21 
A.penduliflora23 
100 
A. haltonii 1 & 12A.mexicana 1 & 13 
A. mahae-reginae 1 & 15 
A. bracteata22 
A. dactylina 13 
100 
A. bracteata 15 
A. dactylina,A.allenii 1,A.pubescens 1 &2,A.strobiiina 1 &2 
loop* A. brueggeri 11 & 30,A.pabstii 
75ri— A. bromelifolia 
A. warsii 
A. nudicaulis 
'A. nudicaulis 16 
90 'A. magdalenae 1 & 26,A.tayonensis 
'A. tonduzii 
'A. burle-marxii,A. bicolor 
'A.germinyana,A. veitchii 1 &2 
« A.capixabe5&27 
'L smithii 
'L. corallina 
'A.lingulata 1 
'A.lingulata 2 
'A. allenii2 
I A. allenii3 
'C.beuckeri 
Figure 8: Bayesian inference consensusfrom rps16 sequence.Taxa sharing 
branches are identical for this locus. Posterior probabilities are indicated at 
nodes. 
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'A.bracteata22 
4 
'A. dactylina 13 
A. dactylina,A. allenii,A. strobilina 1 &2 
'A.pubescens 1 &2 
'A. bracteata 15 
A.penduilflora 21 
A.penduilflora 23 
A. mexicana 1 & 13 
A. mariae-reginae 1 & 15 
A. haltonii 1& 12 
A. nudlcaulis 
100 
A. nudlcaulis 16 
L smithii 4 
L coraliina 
A. bromelifolia 
A.pabstii 32 
A. bruggeri 11&30 
58 
A. warsii 
^A.magdalenae 1 &26 
A. tayonensis 
A. tonduzii 
\A. angustifolia 22 
A. angustifolia 31 
A. chantinii 35&36 
A.germinyana,A. veitchii 1 
87 
A. veitchii 2 
A.bicolor 
99 
A. burle-marxii 
A. angustifolia 19 
A.capixabe 5&27 
A.setigera 
A. tillandsioides 1 &2 
A.Hngulata 1■^9 
A. Hngulata 2 
A. allenii 2 
A.allenii 3 
C.beuckeri 
Figure 9: Neighbor-joining majority rule consensus from concatenated 
chloroplast sequences. Taxa sharing branches are identical for this data set. 
Parameters from the HKY+G model of evolution were implemented into 
analysis. 1000 bootstrap replicates were performed, support is indicated at 
nodes. 
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A.angustifolial9 
86 
A.angustifolia22 
A.lingulata1 
100 
A.Iingulata2 
Lcorallina 
A.penduilflora21 
A.penduliflora23 
A.haltonii1 & 12 
A.mariae-reginael & 15 
A.mexicanal & 13 
A.bracteata22 
64 
A.dactylina13 
A.dactylin^ A.allenii A.strobilina1 &2 
60 
A.pubescensi &2 
A.bracteatalS 
A.bromelifolia 
A.pabstii32 
A.bruggerill&30 
A.warsii 
'A.magdalenael &26 
1100 
'A.tayonensis 
'A,tonduzii 
'A.angustifolia31 
159 
'A.tillandsioidesi &2 
'A.chantinii35&36 
r'A.nudicaulis 
100—Hoi 
'A.nudicaulisi6j 
'A.germinyan^A.veitchii1 
=181 
™ A.veitchii2 
[= A.bicolor 
100 
=■ A. burle-marxii 
= A. capixabeS & 27 
== Lsmithii4 
■■ A. setigera
EA. allenii2 
3 
A. allenii3 
C. beuckeri 
Figure 10: Maximum parsimony majority rule consensus from concatenated 
chloroplast sequences. Taxa sharing branches are identical for this data set. 
Gaps were treated as a 5th state. 1000 bootstrap replicates were performed, 
support is indicated at nodes. 
131 
  
A.bracteata22 
A.dactylina 13 
A.dactylina,A.allenii 1,A.strobllina 1 &2 
64 
A.pubescens 1 &2 
A.bracteata15 
A.penduilflora21 
A.penduilflora23 
A.haltonii 1 & 12 
A.mariae-reginae 1 & 15 
A.mexicana 1 & 13 
^ A.magdalenae 1 &26 
'A.tayonensis 
'A.tonduzii 
A.angustlfolia22 
'A.angustlfolia31 
I A.chantinll35&36 
I A.bromelifolia 
58 
I A.pabstll32 
A.bruggeri 11&30 
^A.nudlcaulis 
[100 
*A.nudlcaulis 16 
A.germlnyana,A. veltchll 1 
80 
'A. veltchll2 
^A.bicolor 
hoo 
*A.burle-marxil 
A. angustlfolia 19■^8 
A. capixabe 5 
A. setigera 
L smithil 4 
L coralllna 
A. warsll 
A. tillandsioldes 1 & 2 
A. allenii 2 
96 
' A. allenii 3 
F" A. lingulata 1 
100 
" A. lingulata 2 
■■ C.beuckeri 
Figure 11: Maximum likelihood majority rule consensus from concatenated 
chloroplast loci. Taxa sharing branches are identical for this data set. 
Parameters from the HKY+G evolutionary model were implemented in this 
analysis. 100 bootstrap replicates were performed, support is indicated at 
nodes. 
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A.angustifolia 22(E) 
A. angustifolia 31(E) 
A. chantinii 35&36(E) 
A. tiiiandsioides 1 &2(E) 
A.setigera (E) 
A.penduiifiora 21(E) 
A. penduiifiora 23(E) 
100 A. haltonii 1& 12 (E) 
A. mariae- reginae 1 & 15(T/E) 
A. mexicana 1 & 13(T/E) 
A. bracteata22(E) 
A. dactylina 13(T/E) 
100 
Haplotype 1 
A.pubescens 1(T/E) 
A. bracteata 15 (E) 
A. bromelifoiia (T/E) 
A.pabstii 32(T) 
A. bruggerii 11 &30(T) 
A. angustifolia 19(E) 
A. capixabe 5&27(E) 
A. warasii(E) 
100 
A. nudicauiis (E) 
A. nudicauiis 16(E) 
L corallina 
L smithii 4 
100 r— Abicoior (T/E) 
A. burle-marxii (E)
J!L 
A.germinyana (T/E),A. veitchii 1 (T/E) 
A. veitchii 2(T/E) 
10^ A. magdalenae 1 &26 (T) 
97 A. tayonensis (T)-EA.tonduzii (E) 
100 A. allenii2(E) 
A. alienii 3(E) 
A.lingulata 1(T/E) 
Alinguiata 2(T/E) 
100 
C. beuckeri 
Figure 12: Bayesian inference consensusfrom concatenated chloroplast 
sequences.Taxa sharing branchesare identical for this data set. Posterior 
probabilities are indicated at nodes."A" markers are explained in the text. 
Life-form is listed after taxa name E = epiphyte,! = terrestrial, E/T = both. 
Haplotype 1 includes A.dactylina(T/E),A. allenii 1(E)and A.strobilina 1 &2 
(E). 
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  
  
 
A.bromefoliSI 
• A.nudicauli^6 
• Ananascomosus 
'A.tillandsioideS 
A.brueggeiSO 
A.tonduzii 
'A.angustifolid9 
'A.penduliflorSI 
'>4.capixabpLsmiths 
'A.penduliflorS3 
'A.veitchiil 
• A.warsii 
A.mexicandS,Amexicand,AJialtonii 
"A.lingulatal 
A.angustifoli£2 
A.tayonensis 
>4. bicolor 10 
A.bracteat£2 
61 
A.strobilinal 
HE'A.dactylindS,Adactylindl,A.alleniJA.pubescen^& k 
Figure 13; Neighbor-joining majority rule consensusfrom ITS2sequences. 
Taxa sharing branches are identical for the portion ofthe sequence used in 
analysis. Parametersfrom the HKY+I+G model of evolution were 
implemented in this analysis. 1000 bootstrap replicates were performed and 
support is indicated at nodes. 
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A. angustifolia 19l-[r 
A. angustifolia 22
r=i96 
A. tillandsioides 2
70 
' A. nudicaulis 1652•= 
' A. capixabeS, Lsmithii4 
A. strobilina 1 
rEA. dactylina 1 & 13, A.pubescens 1 & 2, A.allenii 1■|58 
A. bracteata 22 
■ A. bromefolia 21 
■ A. bicolor 10 
■ A. tayonensis 
100 
■ A. lingulata 1 
■ A. mexicana 1 & 13, A.haltonii 12 
■ A. warsii 
■ A. veitchii 1 
• A. penduliflora 23 
■ A. penduliflora 21 
• A. tmduzii 
• A. brueggen 30 
' Ananas comosus 
Figure 14: Maximum Parsimony majority rule consensus from nuclear ITS2 
sequences. Taxa sharing branches are identical for the portion of the 
sequence used in analysis. Non-ambiguous gaps coded as 5th character 
state. 1000 bootstrap replicates were performed and support is shown at the 
nodes. 
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  
EA.strobilina 1 
A.dactylina 1 & 13,A.pubescens 1 &2,A.allenii 1 
'A.bromefolia21 
'A.bicolor 10 
A.tayonensis 
A.angustifolia22 
A.lingulata 1 
A.mexicana 1 & 13,A.haltonii 12 
A. warsii 
A.bracteata22 
100 
A. veitchii 1 
A.penduliflora23 
A.capixabe,L smithii4 
A.penduliflora 21 
A.angustifolia 19 
'A.tonduzii 
'A.brueggeii30 
'A.tillandsioides2 
'A.nudicaulis 16 
Ananascomosus 
Figure 15: Maximum likelihood majority rule consensusfrom ITS2sequences. 
Taxa sharing branches are identical for the portion ofthe sequence used in 
this analysis. Parametersfrom the HKY+I+G model ofevolution were 
implemented in this analysis. 100 bootstrap replicates were performed and 
support is indicated at nodes 
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A.strobilina 1 
A.pubescens2 
A.pubescens 1 
81 
A.allenii 1,A.dactylina 1 
A. dactylina 13 
A.bromefolia 2167 
A.bicolor 10 
A. warasli 
FC7 
A.tayonensis 
A.penduliflora 21
61 
A.penduliflora 23 
A.nudicaulis 16 
A. haltonii 12 
A.angustifolia 22 
A.lingulata 1 
A. mexicana 1 & 13 
A.bracteata22 
A. veitchii 1 
L smithii4 
A.angustifolia 19 
A.tonduzii 
A.brueggerii 30 
A. mexicana 1 
A. tillandsioides 2 
A.capixabe5 
Ananascomosus 
Figure 16: Bayesian Inference consensusfrom nuclear ITS2sequences.Taxa 
sharing branches are Identical for the portion ofthe sequence used In 
analysis. Posterior probabilities are Indicated at nodes. 
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A.pubescens 1 
89 
A.pubescens2 
55 
A. dactylina & A. allenii 1 
A.strobilina 1 
97 
A. dactylina 13 
A.bracteata22 
A.mexicana 1 
A. mexicana 13 
65 
A.penduliflora 21 
92 
A.penduliflora 23 
A.haltonii 12 
A. veitchii 1 
€A.lingulata,1 
A.bromefolia 21 
100 IE A.brueggeri 30 
A.nudicaulis 16 
A.bicolor 10 
A.tayonensis 
A.angustifolia 22 
A. warsii 
L smithii4 
A.angustifolia 19 
A.tonduzii 
A. tillandsioides 2 
A.capixabe 5 
Ananascomosus 
Figure 17: Neighbor-joining majority rule consensusfrom nuclear ITS2 
sequences. Parametersfrom the evolutionary model HKY+I+G were 
implemented into this analysis. Taxa sharing branches are identical for this 
data set. 1000 bootstrap replications were performed and support is indicated 
at nodes. 
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A.angustifolia 19 
98 
A.angustifolia 22 
75 
A.tillandsioides 2 
A.nudicaulls 16 
51 A.caplxabe5 
A. wars!! 
L.smithil4 
A.pubescens 1 
66 
A.pubescens2 
A.strobillna 1 
A. dactylina 
aleniil 
A. dactylina 13 
A.bracteata22 
A.penduliflora 21 
100 
A.penduliflora 23 
A.mexicana 1 
96 
A.haltonii 12 
A.mexicana 13 
A.bromefolia 21 
A.bmeggeri30 
A.tonduzii 
A.bicolor 10 
A.tayonensis 
A.lingulata 1 
: 
A.veitchii 1 
Ananascomosus 
Figure 18: Maximum Parsimony consensus including all three loci. Taxa 
sharing branches are identical for this data set. Unambiguous gaps treated as 
5th base. 1000 bootstrap replicates were performed and support is indicated 
at nodes. 
139 
A, pubescens 1 
A.pubescens 2 
58 
A. strobilina 1 
A. dactylina , A. allenii 1 
92 A. dactylina13 
A. bracteata 22 
A. penduliflora 21 
■{E A. penduliflora 23 
A. mexicana 1 
A. haltonii 12 
A. mexicana 13 
A. bromefolia 21 
IE A. brueggeri 30 
A. nudicaulis 16 
A. bicolor 10 
A. tayonensis 
A. angustifolia 22 
A. lingulata 1 
A. warsii 
A. veitchii 1 
L. smithii 4 
A. angustifolia 19 
A. tonduzii 
A. tillandsioides 2 
Ananas comosus 
[ 
A. capixabe 5 
Figure 19: Maximum likelihood majority rule consensus from data set with all 
three loci concatenated. Taxa sharing branches are identical for this data set. 
Parameters from the HKY+I+G model of evolution were implemented in 
analysis. 100 bootstrap replicates were performed and support is indicated at 
nodes. 
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100 
inn 
88 
89 
A,pubescens 1 
A.pubescens 2 
A.strobilina 1 
A. dactylina,A. allenii 
A. dactylina 13 
A,bracteata 22 
A. nudlcaulis 16 
A.penduliflora 21 
A.penduliflora 23 
A. mexicana 1 
A. haltonii 12 
A. mexicana 13 
A. bromefolia 21 
A,brueggeri 30 
A. tillandsioides 2 
A. angustifolia 22 
A.angustifolia 19 
A.capixabe 5 
A. warsii 
L smithii4 
A. veitchii 1 
A.bicolor 10 
A.lingulata 1 
A. tonduzii 
Ananascomosus 
A. tayonensis 
Figure 20: Bayesian Consensusfrom data set with all three loci concatenated. 
Taxa sharing branches are identical for this data set. Posterior probabilities 
are indicated at nodes 
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73 
100 
100 
93 
100 
100 97 
90 
100 
100 
.angustifolia 19 
.capixabeS 
'A.bromelifolia 
I A.pabstii32 
• A.brueggeri 11 &30 
. angustifolia22 
. angustifolia31 
.chantinii35& 36 
. tillandsioides 1 &2 
. setigera 
. bracteata22 
. dactylina 13 
. bracteata15 
dactylina,A.allenii 1,A.strobilina 1 &2 
pubescens 1 &2 
haltonii 1 & 12 
mariae-reginae 1 & 15 
penduilflora21 
penduliflora23 
mexicana 1 & 13 
corallina 
smithii4 
nudicaulis 
nudicaulis 16 
magdalenae 1 &26 
tayonensis 
tonduzii 
bicolor 
burle-marxii 
germinyana,A.veitchii 1 
veitchii2 
lingulata 1 
lingulata2 
allenii2 
allenii3 
C,beuckeri 
Figure 21: Bayeslan consensus showing groups compatible with majority-rule 
consensusfrom concatenated chloroplast data set. Taxa sharing branches 
are identical for this data set. Posterior probabilities greater than 50 are shown 
at nodes. 
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A.fulgens 
Chevaliera sphaerocephala 
A. haltonii 1*& 
A.capixabe5*&27*,A.angustifolia 19* 
k
A.lamarchei 
Portea petropolitana 
A.drakeana 
A.farinosa 
CA.bicolor* 
^ A. burle-marxii* 
A. warasii* 
i:brueggeri 11*&fA.tillandsioides 1*& 
Ursuiaea tuitensis 
Femseea 
A.nudicaulis 1* & 16* 
IL a. distichantha 
Wittrockia superba 
P A.gracilis, A. kerteziae,A.calyculata, A.racinae 
Q.laterala, Auesinelia boniana,A.fasciculata, A. binotii, A.pimenti-velosii, N.procerum 
Billbergia nutans 
Edmundoa iindenii 
_ Neoregelia spp. 
—i.Neoregelia laevis 
— Portea leptantha 
A. marlae-reginae 1*& IS* 
[t- Androlepsis skinner!, A.mexicana 1*& 13*. A.penduiifiora 21*& 23*.A.iueddemannia 
L. Lymania aivimii 
j. A.iinguiata 1 &2* 
fL A.setigera* 
A.aiienii2*&3* 
1 p Orthophytum supthutti 
^~\m Streptocaiyx(Aechmea)poepigii 
A.germinyana*.A. veltchil 1* 
IT- A. veitchii2* 
J L./). tonduzii* 
1 p A.tayonensis* 
L Neogiaziovia variegata 
- A. dactyiina 1*. A. aiieniil*, A.strobiiina 1* 
fL A.pubescens 1*&2* 
J L mertensii 
Acanthostachysstrobiiaceae 
Cryptanthusgiaziovii 
- A.chantinll35*&36* 
C.fosterianum,A.pabstii*. A. bromeilfioiia*, L. coraiiina*.L smithii*, A.fiiicauiis 
[ — Aerococcousfiageiiifoiius, Aerococcous 
Hoenbergia steiiata 
P A.bracteata 15* 
FT- Quesneiia edmundoi 
"I - >A. bracteata 
I. Hoenbergiopsisguatemaiensis
C A.dactyiina 13* 
Ronnbergia petersii 
P A.magdaienae 1*& 26* 
""L Ananasnanus,Ananascomosus* 
1^ OCryptanthus beuckeri* 
Cryptanthus bahianus 
diia22*&31* 
728^ Diencanthon urbanianum 
[L Ochagavia eiegans 
L. Ochaaavia iitoraiis 
Bromeiia piumeri*, Bromeiia serra9y- i 
I;Bromeiia pinguin* Bromeiia crsyantha 
Greigia muifordii
_r' 
L Greigia sphaceiata 
- Puya werdermannii 
L Puya aipestris, Puya densifiora 
Figure 22: Bayeslan consensus showing groups compatible with majority rule 
consensusfrom matKsequencesfor the Bromelioideae. Asterisks indicate 
samplessequenced in this study. Taxa sharing branches are identical for this 
data set. Posterior probabilities greaterthan 50 are indicated at nodes. 
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APPENDIX D 
INPUT FILES 
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matKsequence input file for modeltestand clustal x to produce Nexusand PIR alignment files 
that were used in phylogenetic analysis and relative rate tests(see page 181 for mrbayes 
blocks and page 228for additional parameters for relative rate tests). 
>allenii2 
ATGGAAGAATTACAAGGATATTTAGAAAAAGATAGATCTCGGCAACAACACTTCCTATATC 
CGCTTCTTTTTCAGGAGTATATTTACGCGTTTGCTCATGATCATGGTTTAAATGATTCGAT 
TTTTTACGAACCCGTGGAAATTATTGGTTATGACAAAAAATCTAGTTCAGTACTTGTGAAA 
CGTTTAATTATTCGAATGTATCAACAGAATTATTTGATTAATTCGGTTAATTATTCTAACGA 
AAATCGATTCGTTGGGGACAACACTTATTTTTATTCTCATTTTTTTTCTCAGATGATATCAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGGGGGATTAGTATGTTTTGGGGAAG 
AAAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTGGGTTTTTAGAG 
GAGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGA 
AATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGA 
TTGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGGATTTAGG 
TTTTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGG 
GAATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAG 
GTTTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGATAAT 
TATTTTGAGAAAAGTTTATGGTTGTTGAG 
>angustifolia31 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGGATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTAGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATGGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>bicolor 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGtAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAATAGTGATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTGGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGATTATTTTTGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
145 
>burlemarxii 
ATGGAAGAATTACAAAGATATTTAGAAAAAGATAGATCTCGGCAACAACACTTCCTATATC 
CGCTTCTTTTTCAGGAGTATATTTACGGGTTTGCTCATGATCATGGTTTAAATGATTCGAT 
TTTTTACGAACCCGTGGAAATTATTGGTTATGACAAAAAATCTAGTTCAGTACTTGTGAAA 
CGTTTAATTATTCGAATGTATCAACAGAATTATTTGATTAATTCGGTTAATTATTCTAACCA 
AAATCGATTCGTTGGGCACAATACTCATTTTTATTCTCATTTTTTTTCTCAGATGATATCAG 
AAGGTTTTGCGATCATTGTGGAAATTCCATTCTCGCTGCGATTAGTATCTTTTCCCGAAGA 
AAAAGAAATACCAAAATGTCAGAATTTACGATCTATTCATTCAATATTTCCCTTTTTAGAGG 
ACAAATTATCACATTTAAATTATGTGTCAGATATACTAATACCCTATCCTATCCATTTGGAA 
ATCTTGGTTCAAATCCTTCAATGCCGGATCCAAGATGTTCCATCTTTGCATTTATTGCGAT 
TCTTTCTCCACGAATATCATAATTGGAATAGTCTCATTACTCCGAAGAAATCAATTTACGTT 
TTTTCAAAAGAAAATAAAAGATTATTTTTGTTCCTATATAATTCTTATGTATCTGAATGCGA 
ATTTGTATTCGTTTTTCTTCGTAAACAATCTTCTTATTTACGATTAACATCTTCTGGAACCT 
TTGTTGAGCGAATACAGTTCTATGGAAAAATAGAACATCTTATAGTAGTGTACCGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>bracteata15 
ATGGAAGAATTAGAAGGATATTTAGAAAAATATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTTGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTGTAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>bracteata22 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGATATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>bruggeri30 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGAA 
146 
AAATCGATTCGTTGGGCACAACACTTATTTTTATTCTCATTTTTTTTCTCAGATGATATCAG 
AAGGTTTTGCGATCATTGTGGAAATTCCATTCTCGGTGCGATTAGTATCTTTTCCCGAAGA 
AAAAGAAATACCAAAATGTCAGAATTTACGATCTATTCATTCAATATTTTCCTTTTTAGAGG 
ACAAATTATCACATTTAAATTATGTGTCAGATATACTAATACCCTATCCTATCCATTTGGAA 
ATCTTGGTTCAAATCCTTCAATGCGGGATCCAAGATGTTCCATCTTTGCATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>chantinii35 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATGGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>capixabe27 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTCGGTTAATTATTCTAACCA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGAAATAGGGTATGGTATTGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTTGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>dactylina 
ATGGAAGAATTAGAAGGATATTTAGAAAAAG ATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTTTTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGT GTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
147 
TCTTTCTCCACGAATATCATAATTGGAATAGTCTCATTACTCCGAAGAAATCAATTTACGTT 
TTTTCAAAAGAAAATAAAAGACTATTTTGGTTCCTATATAATTCTTATGTATCTGAATGCGA 
ATTTGTATTCGTTTTTCTTCGTAAACAATCTTGTTATTTACGATTAACATCTTCTGGAACCT 
TTCTTGAGGGAATACAGTTCTATGGAAAAATAGAACATCTTATAGTAGTGTACGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>dactylina13 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGTAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGAATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>germinyana 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATGGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTGGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGTTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>haltonii1 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGGTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGTAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTTGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTTTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
148 
>lingulata1 
ATGGAAGAATTACAAGGATATTTAGAAAAAGATAGATCTCGGCAACAACACTTCCTATATC 
CGCTTCTTTTTCAGGAGTATATTTACGCGTTTGCTCATGATCATGGTTTAAATGATTCGAT 
TTTTTACGAACCCGTGGAAATTATTGGTTATGACAAAAAATCTAGTTCAGTACTTGTGAAA 
CGTTTAATTATTCGAATGTATCAACAGAATCATTTGATTAATTCGGTTAATTATTCTAACCA 
AAATCGATTCGTTGGGCACAACACTTATTTTTATTCTCATTTTTTTTCTCAGATGATATCAG 
AAGGTTTTGCGATCATTGTGGAAATTCCATTCTCGCCGCGATTAGTATCTTTTCGCGAAG 
AAAAAGAAATACCAAAATGTCAGAATTTACGATCTATTCATTCAATATTTGCCTTTTTAGAG 
GAGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGA 
AATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGA 
TTGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGT 
TTTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGG 
AATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGG 
TTTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGTAGTTATAGTAGTGTAGGGTAATT 
ATTTTGAGAAAAGTTTATGGTTGTTGAG 
>magdalenae 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGATTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTGGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>mexicana 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGGTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>mariae-reginae 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGGTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
149 
AAATCGATTCGTTGGGCACAACACTTATTTTTATTCTCATTTTTTTTCTCAGATGATATCAG 
AAGGTTTTGCGATCATTGTGGAAATTCCATTCTCGCTGCGATTAGTATCTTTTCCCGAAGA 
AAAAGAAATACCAAAATGTCAGAATTTACGATCTATTCATTCAATATTTTGCTTTTTAGAGG 
AGAAATTATCACATTTAAATTATGTGTCAGATATACTAATACCCTATCCTATCCATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATTATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>nudicaulis 
ATGGAGGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTATGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AGGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAG 
AAAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAG 
GAGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGA 
AATGTTGGTTAAAATGGTTGAATGTGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGA 
TTGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGT 
TTTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGTG 
AATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGG 
TTTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATT 
ATTTTGAGAAAAGTTTATGGTTGTTGAG 
>pabstii32 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAAJTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>pubescens1 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTTTTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTAGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
150 
TCTTTCTCCACGAATATCATAATTGGAATAGTCTCATTACTCCGAAGAAATCAATTTACGTT 
TTTTCAAAAGAAAATAAAAGACTATTTTGGTTCCTATATAATTCTTATGTATCTGAATGCGA 
ATTTGTATTCGTTTTTCTTCGTAAACAATCTTCTTATTTACGATTAACATCTTCTGGAACGT 
TTCTTGAGCGAATACAGTTCTATGGAAAAATAGAACATCTTATAGTAGTGTACCGTAATTA 
TTTTCAGAAAACTTTATGGTTGTTCAC 
>setigera 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGGGGGATTAGTATGTTTTGGGGAAG 
AAAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAG 
GAGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGA 
AATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGA 
TTGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGT 
TTTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGG 
AATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGG 
TTTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATT 
ATTTTGAGAAAAGTTTATGGTTGTTGAG 
>tillandsioides1 
ATGGAAGAATTAGAAAGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTTTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>tonduzii 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGGGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTAGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTGGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
151 
>veitchii2 
ATGGAAGAATTACAAGGATATTTAGAAAAAGATGGATCTCGGCAACAACACTTCCTATATC 
CGCTTCTTTTTCAGGAGTATATTTACGCGTTTGCTCATGATCATGGTTTAAATGATTCGAT 
TTTTTACGAACCCGTGGAAATTATTGGTTATGACAAAAAATCTAGTTCAGTACTTGTGAAA 
CGTTTAATTATTCGAATGTATCAACAGAATTATTTGATTAATTCGGTTAATTATTCTAACCA 
AAATCGATTCGTTGGGCACAACACTTATTTTTATTCTCATTTTTTTTCTCAGATGATATCAG 
AAGGTTTTGCGATGATTGTGGAAATTCCATTCTCGCTGCGATTAGTATCTTTTCCCGAAGA 
AAAAGAAATACCAAAATGTCAGAATTTACGATCTATTCATTCAATATTTCCCTTTTTAGAGG 
ACAAATTATCACATTTAAATTATGTGTCAGATATACTAATACCTTATCCTATCCATTTGGAA 
ATCTTGGTTCAAATCCTTCAATGCGGGATCCAAGATGTTCCATCTTTGCATTTATTGCGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTTTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>tayonensis 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
AAATGGATTGGTTGGGGAGAATAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTGGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTGGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTGAGAAAAGTTTATGGTTGTTGAG 
>warsii 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTTTTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGAA 
AAATGGATTGGTTGGGGAGAAGAGTTATTTTTATTGTGATTTTTTTTGTGAGATGATATGAG 
AAGGTTTTGGGATGATTGTGGAAATTGGATTGTGGGTGGGATTAGTATGTTTTGGGGAAGA 
AAAAGAAATAGGAAAATGTGAGAATTTAGGATGTATTGATTGAATATTTTGGTTTTTAGAGG 
AGAAATTATGAGATTTAAATTATGTGTGAGATATAGTAATAGGGTATGGTATGGATTTGGAA 
ATGTTGGTTGAAATGGTTGAATGGGGGATGGAAGATGTTGGATGTTTGGATTTATTGGGAT 
TGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGTT 
TTTTGAAAAGAAAATAAAAGAGTATTTTTGTTGGTATATAATTGTTATGTATGTGAATGGGA 
ATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGGT 
TTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATTA 
TTTTAAGAAAAGTTTATGGTTGTTGAG 
>beuckeri ^ 
ATGGAAGAATTAGAAGGATATTTAGAAAAAGATAGATGTGGGGAAGAAGAGTTGGTATATG 
GGGTTGTTTTTGAGGAGTATATTTAGGGGTTTGGTGATGATGATGGTTTAAATGATTGGAT 
TTTTTAGGAAGGGGTGGAAATTATTGGTTATGAGAAAAAATGTAGTTGAGTAGTTGTGAAA 
GGTTTAATTATTGGAATGTATGAAGAGAATTATTTGATTAATTGGGTTAATTATTGTAAGGA 
152 
AAATCGATTCGTTGGGCACAACACTTATTTTTATTCTCATTTTTTTTCTCAGATGATATCAG 
AAGGTTTTGCGATCATTGTGGAAATTCCATTCTCGCCGCGATTAGTATGTTTTCCCGAAG 
AAAAAGAAATACCAAAATGTCAGAATTTACGATCTATTCATTCAATATTTCCCCTTTTAGAG 
GACAAATTATCACATTTAAATTATGTGTCAGATATACTAATAGCTTATGCTATCCATTTGGA 
AATGTTGGTTGAAATGGTTGAATGGGGGATTGAAGATGTTGGATGTTTGGATTTATTGGGA 
TTGTTTGTGGAGGAATATGATAATTGGAATAGTGTGATTAGTGGGAAGAAATGAATTTAGGT 
TTTTTGAAAAGAAAATAAAAGAGTATTTAGGTTGGTATATAATTGTTATGTATGTGAATGGG 
AATTTGTATTGGTTTTTGTTGGTAAAGAATGTTGTTATTTAGGATTAAGATGTTGTGGAAGG 
TTTGTTGAGGGAATAGAGTTGTATGGAAAAATAGAAGATGTTATAGTAGTGTAGGGTAATT 
ATTTTGAGAAAAGTTTATGGTTGTTGAG 
153 
rps16 Input File sequence for modeltestand clustal x to producfe Nexus and PIR alignment 
files that were used in phylogenetic analysis and relative rate tests(see page 181 for mrbayes 
blocks and page 228for additional parameters for relative rate tests). 
>A.allenii1 
AAAGCAACGTGCGACTTGAAGGACATGATCGGCTGTGGATTTTGACATCCGCCGTCTTC 
TATAGTAATGAAGATGCTCTTGGCTCGACATAGTTTGTTCCGCCCGGAACCTAATTTGTG 
TTGGGTTATAAGTAAATAGTACATTATGAAGGTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATCTAGGGTTAGTGAAAATCAATAAGTTAGACCAACTTTGTAAGTATATCCT 
CACTATATATAAATTCTAAATTTAAAGGTTCAAATTTGGAACAAGTTTGCAAAAATTTTTCG 
AAATTGGTAAAACTATTTCGATGAAAAGTGTATCACAAGGGAATCAATCGTTCGTATTCTA 
TTTATATAGAAAGAAATAACAAAAAAAGGTATGTTGCTGCCATTTTGAAAGGAATAAGGAT 
CCCCGAGGTAATGTCTAAACCCAATGATTTCACAAAGCGAAGATAAAGGATTCCGAAACA 
AGGAAACACTATTTTCAATTGTCTCAACAATTGGATCAGACTGAGGAATAAAACTAGATTC 
GAAATGAGACAAACAAAAGAGTTTAGAGACGGCTCAATAAATGTCTAAGGATTTTGTTGTC 
AGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGA 
AGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATT 
ATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTT 
GTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAA 
TTGATGTT 
>A.allenii2 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
GTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTAGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTGAAATTGATGATTTTATGGATGGAGTTG 
GTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATA 
GGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGT 
TGGAATTGATGTT 
>A.allenii3 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
GGAGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTAGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTGAAATTGATGATTTTATGGATGGAGTTG 
GTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATA 
154 
CGTTTCTAGGGGGGGCGTTGTTTATTTACATCTATCCCAATGAGCCATCTATCGAATCGT 
TGCAATTGATGTT 
>A.angustifolia19 
AAAGCAACGTGCGACTTGAAGGACATGATCGGCTGTGGATTTTGACATCCGCCGTCTTC 
TATAGTAATGAAGATGCTCTTGGCTCGACATAGTTTGTTCCGCCCGGAACCTAATTTGTG 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATGTAGGGTTAGTGAAAATCAATAAGTTAGACGAACTTTGTAAGTATATGCT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGATTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTT 
TGAAAGGAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGAT 
AAAGGATTGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAG 
GAATAAAAGTAGATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTG 
TAAGGATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTAGT 
TTTGTGTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATG 
GATGGAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAA 
AGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGT 
ATGGAATGGTTGGAATTGATGTT 
>A.angustifolia22 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGATTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTT 
TGAAAGGAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGAT 
AAAGGATTGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAG 
GAATAAAAGTAGATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTG 
TAAGGATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTAGT 
TTTGTGTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATG 
GATGGAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAA 
AGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGT 
ATGGAATGGTTGGAATTGATGTT 
>A.angustifolia31 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TCTATTTATATAGAAAGAAATAACAAAAAAAGGTATGTTGCTGCCATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAA 
AGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGA 
TTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTT 
GTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTAGTTTTGTGTAAGGAA 
GAAGAAAAGAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGT 
ATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGG 
TTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTG 
GAATTGATGTT 
155 
>A.bracteata15 
AAAGCAACGTGCGACTTGAAGGACATGATCGGCTGTGGATTTTGACATCCGCCGTCTTC 
TATAGTAATGAAGATGCTCTTGGCTCGACATAGTTTGTTCCGGCCGGAACCTAATTTGTG 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTGATTTTTCA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTATATTTTTGGAAATTTGGAAGAAGTTTGGAAAAATTTTTGGAAAT 
TGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATTGTATTTA 
TATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGATGGGG 
GAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGAAGGA 
AAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGATTGGAAA 
TGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTGAGAA 
TTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGAAGAA 
AAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATTATAT 
AGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTTGTAG 
GGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAATTGA 
TGTT 
>A.bracteata22 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
gagtatatttaaattgtaaatttaaaggttgaaatttGgaagaagtttggaaaaatttttgg 
AAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATTGTA 
TTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGAT 
GGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGA 
AGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGATTG 
GAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTG 
AGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGA 
AGAAAAGAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATT 
ATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTT 
GTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAA 
TTGATGTT 
>A.bruggeri11 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTTGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAAGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAAAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.brueggeri30 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
156 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATCTAGGGTTAGTGAAAATCAATAAGTTAGACCAACTTTGTAAGTATATCCT 
CACTATATATAAATTCTAAATTGAAAGGTTCAAATTCAGAACAAGTTTGCAAAGTCCAATTT 
TTCGAAATTGGTAAAAGTATTTTGATGAAAAGTGTATCACAAGGGAATCAATGGTTCGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAAGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAAAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.chantinii35 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTG 
GAATTTTTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGT 
TGGTATTGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAG 
GAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGA 
TTGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAA 
AAGTAGATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGG 
ATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTAGTTTTGTG 
TAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGA 
GTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGG 
TATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAAT 
GGTTGGAATTGATGTT 
>A.chantinii36 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTG 
GAATTTTTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGT 
TGGTATTGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAG 
GAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGA 
TTGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAA 
AAGTAGATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGG 
ATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTAGTTTTGTG 
TAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGA 
GTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGG 
TATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAAT 
GGTTGGAATTGATGTT 
>A.bicolor 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAGGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
157 
TTCTAAATTGGTAAAACTATTTCGATGAAAAGTGTATCACAAGGGAATCAATCGTTCGTAT 
TCTATTTATATAGAAAGAAATAACAAAAAAAGGTATGTTGCTGCCATTTTGAAAGGAATAA 
GGATCCCCGAGGTAATGTCTAAACCGAATGATTTCACAAAGCGAAGATAAAGGATTGCGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAGGA 
AGAAGAAAAAAGTAGTAAATTGAAATGAAAGTAGTAAATTGAAATGATAGTAAAATTGATGA 
TTTTATGGATGGAGTTGGTATTATATAGAGAAATGAGAATGATTTTTGTGGAGGGGTATGA 
GGAAAAAAGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGA 
GGGATGTATGGAATGGTTGGAATTGATGTT 
>A.burlemarxii 
AAAGGAAGGTGGGAGTTGaAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTGT 
ATAGTAATGAGGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTGT 
TGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGAA 
GGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGTG 
AGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTTT 
TGTAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATT 
GTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAG 
GATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAA 
AGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGA 
TTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTT 
GTGAGAATTAGGGAAGTTGAGTTATGAGTATGAAtGAGAttTGtTcGTTTTTGTGTAAGGAAG 
AAGAAAAAAGTAGTAAATTGAAATGAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATT 
TTATGGATGGAGTTGGTATTATATAGAGAAATGAGAATGATTTTTGTGGAGGGGTATGAGG 
AAAAAAGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGcAATGAGGG 
ATGTATGGaATGGTTGGaATTGATGTT 
>A.bromelifolia 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGGAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTTGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAAGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAAAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGAAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.capixabe5 
aaaGgaaggtgggagttgaaggagatgatggggtgtggattttgagatggggggtgttg 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGATGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
158 
AACAAGGAAACACTATTTTCAATTGTCTCAACAATTGGATCAGACTGAGGAATAAAACTAG 
ATTCGAAATGAGACAAACAAAAGAGTTTAGAGACGGCTCAATAAATGTCTAAGGATTTTCT 
TGTCAGAATTACCGAACTTGAGTTATGAGTATGAATGAGATTTCTTCGTTTTTCTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.capixabe27 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGATGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.dactylina 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTTAAAGGTTGAAATTTGGAAGAAGTTTGGAAAAATTTTTGG 
AAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATTGTA 
TTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGAT 
GGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGA 
AGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGATTG 
GAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTG 
AGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGA 
AGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATT 
ATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTT 
GTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAA 
TTGATGTT 
>A.dactylina13 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGCTCTTGGCTCGACATAGTTTGTTCTGCCCGGAACCTAATTTGTAA 
TAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGAAGGGAAAAAATGTAGG 
GTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGTGAGTATATTTAAATTGG 
AAATTTAAAGGTTGAAATTTGGAAGAAGTTTGGAAAGATTTTTGGAAATTGGTAAAAGTATT 
TGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATTGTATTTATATAGAAAGAAAT 
AAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGATGGGGGAGGTAATGTGT 
AAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGAAGGAAAGAGTATTTTGA 
ATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGATTGGAAATGAGAGAAAGAAA 
AGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTGAGAATTAGGGAAGTTGA 
GTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGAAGAAAAAAGTAGTAAAT 
159 
TCAAATCATAGTAAAATTCATGATTTTATGGATCCACTTGCTATTATATACAGAAATTAGAA 
TCATTTTTCTCGAGCCGTATGAGGAAAAAACCTCCTATACGTTTCTAGGGGGGGCGTTGT 
TTATTTACATCTATCCCAATGAGCCATCTATCGAATCGTTGCAATTGATGTT 
>A.germinyana 
AAAGCAACGTGCGACTTGAAGGACATGATCGGCTGTGGATTTTGACATCCGCCGTCTTC 
TATAGTAATGAAGATGCTGTTGGCTCGACATAGTTTGTTCCGCCCGGAACGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGTAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.haltonii1 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.haltonii12 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTCGAAATTGGTAAAACTATTTCGATGAAAAGTGTATCACAAGGGAATCAATCGTTCGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
160 
>A.lingulata1 
AAAGCAACGTGCGACTTGAAGGACATGATCGGCTGTGGATTTTGACATCCGCCGTCTTC 
TATAGTAATGAAGATGCTCTTGGCTCGACATAGTTTGTTGCGCCCGGAACCTAATTTGTG 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATCTAGGGTTAGTGAAAATCAATAAGTTAGACCAACTTTGTAAGTATATCCT 
CACTATATATAAATTCTAAATTGAAAGGTTCAAATTCAGAACAAGTTTGCAAAGTCCAATTT 
TTCTAAATTGGTAAAACTATTTCGATGAAAAGTGTATCGCAAGGGAATCAATCGTTCGTAT 
TCTATTTATATAGAAAGAAATAACATTATATAGAAAGAAATAACAAAAAAAGGTATGTTGCT 
GCCATTTTGAAAGGAATAAGGATCCCCGAGGTAATGTCTAAACCCAATGATTTCACAAAG 
CGAAGATAAAGGATTCCGAAACAAGGAAACACTATTTTCAATTGTCTCAACAATTGGATCA 
GACTGAGGAATAAAACTAGATTCGAAATGAGACAAAGAAAAGAGTTTAGAGACGGCTGAA 
TAAATGTGTAAGGATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGAT 
TTGTTGGTTTTTGTGTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTGAAATTGAT 
GATTTTATGGATGGAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTAT 
GAGGAAAAAAGGTGGTATAGGTTTGTAGGGGGGGGGTTGGTTATTTAGATGTATGGGAAT 
GAGGGATGTATGGAATGGTTGGAATTGATGTT 
>A.lingulata2 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGTAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGGGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGATTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGT 
GGGATTTTGAAAGGAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAG 
GGAAGATAAAGGATTGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGA 
GAGTGAGGAATAAAAGTAGATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAA 
TAAATGTGTAAGGATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGAT 
TTGTTGGTTTTTGTGTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTGAAATTGAT 
GATTTTATGGATGGAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTAT 
GAGGAAAAAAGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAAT 
GAGGGATGTATGGAATGGTTGGAATTGATGTT 
>A.magdalenae 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGTGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGAAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTGGTATTGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTG 
AAAGGAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAA 
AGGATTGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGG 
AATAAAAATAGATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGT 
AAGGATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTT 
TTTGTGTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATG 
GATGGAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAA 
AGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGT 
ATGGAATGGTTGGAATTGATGTT 
>A.magdalenae26 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGTGGGGGGAAGGTAATTTGTG 
161 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATCTAGGGTTAGTGAAAATCAATAAGTTAGACCAACTTTGTAAGTATATGCT 
CACTATATATAAATTCAAAATTGAAAGGTTCAAATTCAGAACAAGTTTGCAAAGTCCAATTT 
TTCGAAATTGGTAAAACTATTTCGATGAAAAGTGTATCACAAGGGAATCAATCGTTCGTAT 
TCTATTCGTATTCTATTTATATAGAAAGAAATAACAAAAAAAGGTATGTTGCTGCCATTTTG 
AAAGGAATAAGGATCCCCGAGGTAATGTCTAAACCCAATGATTTCACAAAGCGAAGATAA 
AGGATTCCGAAACAAGGAAACACTATTTTCAATTGTCTCAACAATTGGATCAGACTGAGG 
AATAAAAATAGATTGGAAATGAGACAAACAAAAGAGTTTAGAGACGGCTGAATAAATGTCT 
AAGGATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTT 
TTTGTGTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATG 
GATGGAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAA 
AGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGT 
ATGGAATGGTTGGAATTGATGTT 
>A.mexicana 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.mexicana13 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A. mariae-reginae 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGGT 
GAGTATATATAAATTGTATATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
162 
TTCGAAATTGGTAAAACTATTTCGATGAAAAGTGTATCACAAGGGAATCAATCGTTCGTAT 
TCTATTTATATAGAAAGAAATAACAAAAAAAGGTATGTTGCTGGCATTTTGAAAGGAATAA 
GGATCCCCGAGGTAATGTCTAAACGCAATGATTTCACAAAGCGAAGATAAAGGATTCCGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.mariae-reginae15 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGGT 
GAGTATATATAAATTGTATATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.nudicaulis 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGGTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAATGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTG 
GAATTTTTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGT 
TGGTATTGTATTTATATAGAAAGAAATAAGAAAAAAGGTATGTTGGTGGGATTTTGAAAGG 
AATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGAT 
TGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAA 
AGTAGATTGGAAATGAGAGAAAGAAAGGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGA 
TTTTATTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGGTGGTTTTTGTG 
TAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGA 
GTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGG 
TATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAAT 
GGTTGGAATTGATGTT 
>A.nudicaulis16 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGGTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAATGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTG 
GAATTTTTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGT 
TGGTATTGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAG 
GAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGA 
163 
TTCCGAAACAAGGAAACACTATTTTCAATTGTCTCAACAATTGGATCAGACTGAGGAATAA 
AACTAGATTCGAAATGAGACAAACAAAAGAGTTTAGAGACGGCTGAATAAATGTGTAAGG 
ATTTTATTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGGTGGTTTTTGT 
GTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATG 
GAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGT 
GGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGG 
AATGGTTGGAATTGATGTT 
>A.pabstii 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTTGATGAAAAGTGTATGAGAAGGGAAtGAATGGTTGGTAT 
TGTATTTATATAGAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGATGGGGGAAGTAAT 
GTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGAAGGAAAGAGTATT 
TTGAATTGTGTGAAGAATTGGATGAAAGTGAGGAATAAAAGTAGATTGGAAATGAGAGAAA 
GAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTGAGAATTAGGGAAG 
TTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGAAGAAAAAAGTAGT 
AAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATTATATAGAGAAATT 
AGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTTGTAGGGGGGGGG 
TTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAATTGATGTT 
>A.penduliflora21 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTTTTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
>A.penduliflora23 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGGG 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATAGGCT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTGGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTTTTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
164 
TATTATATACAGAAATTAGAATCATTTTTCTCGAGCCGTATGAGGAAAAAACCTCCTATAC 
GTTTCTAGGGGGGGCGTTGTTTATTTACATCTATCCCAATGAGCCATCTATCGAATCGTT 
GCAATTGATGTT 
>A.pubescens1 
AAAGCAACGTGCGACTTGAAGGACATGATCGGCTGTGGATTTTGACATCCGCCGTCTTC 
TATAGTAATGAAGATGCTCTTGGCTCGACATAGTTTGTTCCGCCCGGAACCTAATTTGTG 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATCTAGGGTTAGTGAAAATCAATAAGTTAGACCAACTTTGTAAGTATATCCT 
CACTATATATAAATTCTAAATTTAAAGGTTCAAATTTGGAACAAGTTTGGAAAAATTTTTCC 
AAATTGGTAAAACTATTTCGATGAAAAGTGTATCACAAGGGAATCAATCGTTCGTATTCTA 
TTTATATAGAAAGAAATAACAAAAAAAGGTATGTTGCTGCCATTTTGAAAGGAATAAGGAT 
CCCCGAGGTAATGTCTAAACCCAATGATTTCACAAAGCGAAGATAAAGGATTCCGAAACA 
AGGAAACACTATTTTCAATTGTCTCAACAATTGGATCAGACTGAGGAATAAAACTAGATTC 
GAAATGAGACAAACAAAAGAGTTTAGAGACGGCTCAATAAATGTCTAAGGATTTTCTTGTG 
AGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGA 
AGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATT 
ATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTT 
GTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAA 
TTGATGTT 
>A.pubescens2 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTTAAAGGTTGAAATTTGGAAGAAGTTTGGAAAAATTTTTGG 
AAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATTGTA 
TTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGAT 
GGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGA 
AGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGATTG 
GAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTG 
agaattaGggaagttgagttatgagtatgaatgagatttgttggtttttgtgtaaggaaga 
AGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATT 
ATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTT 
GTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAA 
TTGATGTT 
>A.setigera 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAAAGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTGTGAATGAGATTTGTTAGTTTTTGTGTAAGG 
AAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGG 
TATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAG 
GTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTT 
GGAATTGATGTT 
165 
>A.strobilina1 
AAAGCAACGTGCGACTTGAAGGACATGATCGGCTGTGGATTTTGACATCCGCCGTCTTC 
TATAGTAATGAAGATGCTCTTGGCTCGACATAGTTTGTTCCGCCCGGAACCTAATTTGTG 
TTGGGTTATAAGTAAATAGTACATTATGAAGGTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATGTAGGGTTAGTGAAAATCAATAAGTTAGACCAAGTTTGTAAGTATATCCT 
GAGTATATATAAATTGTAAATTTAAAGGTTGAAATTTGGAAGAAGTTTGGAAAAATTTTTGG 
AAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATTGTA 
TTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGAT 
GGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGA 
AGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGATTG 
GAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTG 
AGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGA 
AGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATT 
ATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTT 
GTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAA 
TTGATGTT 
>A.strobilina2 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTTAAAGGTTGAAATTTGGAAGAAGTTTGGAAAAATTTTTGG 
AAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTATTGTA 
TTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAAGGAT 
GGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGAAAGA 
AGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAGATTG ̂ 
GAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGTTGTG 
AGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGTTTTTGTGTAAGGAAGA 
AGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGTATT 
ATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGGTTT 
GTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTGGAA 
TTGATGTT 
>A.tillandsioides1 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
GAGTATATATAAATTGTAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGGAAAGTGGAATTT 
TTGAAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
GGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATAAAGGATTGGGA 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTAGTTTTGTGTAAGGA 
AGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGT 
ATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGG 
TTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTG 
GAATTGATGTT 
>A.tillandsioides2 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
166 
TTGGGTTATAAGTAAATAGTACATTATGAAGCTCGAGAAGAAAAGATTGATTCATTTTTCA 
AGGGAAAGAATCTAGGGTTAGTGAAAATCAATAAGTTAGACGAACTTTGTAAGTATATCCT 
CACTATATATAAATTCTAAATTGAAAGGTTCAAATTCAGAAGAAGTTTGCAAAGTCCAATTT 
TTGAAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATGAATGGTTGGTAT 
TGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTTGAAAGGAATAA 
ggatgggggaggtaatGtgtaaagggaatgatttgagaaagggaagataaaggattggga 
AAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAGGAATAAAAGTAG 
ATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTGTAAGGATTTTGT 
TGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTAGTTTTGTGTAAGGA 
AGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTATGGATGGAGTTGGT 
ATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAAAAGGTGGTATAGG 
TTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATGTATGGAATGGTTG 
GAATTGATGTT 
>A.tonduzii 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATGTGTTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTG 
ATTGATTTTTGAAGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTG 
TAAGTATATGGTGAGTATATATAAATTGAAAATTGAAAGGTTGAAATTGAGAAGAAGTTTGG 
AAAGTGGAATTTTTGGAAATTGGTAAAAGTATTTGGATGAAAAGTGTATGAGAAGGGAATG 
AATGGTTGGTATTGTATTTATATAGAAAGAAATAAGAAAAAAAGGTATGTTGGTGGGATTTT 
GAAAGGAATAAGGATGGGGGAGGTAATGTGTAAAGGGAATGATTTGAGAAAGGGAAGATA 
AAGGATTGGGAAAGAAGGAAAGAGTATTTTGAATTGTGTGAAGAATTGGATGAGAGTGAG 
GAATAAAAGTAGATTGGAAATGAGAGAAAGAAAAGAGTTTAGAGAGGGGTGAATAAATGTG 
TAAGGATTTTGTTGTGAGAATTAGGGAAGTTGAGTTATGAGTATGAATGAGATTTGTTGGT 
TTTTGTGTAAGGAAGAAGAAAAAAGTAGTAAATTGAAATGATAGTAAAATTGATGATTTTAT 
GGATGGAGTTGGTATTATATAGAGAAATTAGAATGATTTTTGTGGAGGGGTATGAGGAAAA 
AAGGTGGTATAGGTTTGTAGGGGGGGGGTTGTTTATTTAGATGTATGGGAATGAGGGATG 
TATGGAATGGTTGGAATTGATGTT 
>A.veitchii1 
AAAGGAAGGTGGGAGTTGAAGGAGATGATGGGGTGTGGATTTTGAGATGGGGGGTGTTG 
TATAGTAATGAAGATGGTGTTGGGTGGAGATAGTTTGTTGGGGGGGGAAGGTAATTTGTG 
TTGGGTTATAAGTAAATAGTAGATTATGAAGGTGGAGAAGAAAAGATTGATTGATTTTTGA 
AGGGAAAGAATGTAGGGTTAGTGAAAATGAATAAGTTAGAGGAAGTTTGTAAGTATATGGT 
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GGAGAAGAAAGTTAGGAGGATTGGGGTAGTAAGGGGGAGGGAAGGGGGAAGAGGGGAG 
GTTGAGAATGGGGGGGGGGGGGGGTGGGAATTGTAGTGTGGAGAAGGGTGGTGAGGGG 
GGGAGGGGGGGGAAGTGGGGTGGAAAGGGGGGGGGGGGAGGGTGAGAGGGGGGTGGG 
GGGGGGAGGGTGTGGGAG 
>warsii 
GGGAAGAGGGGGGGGGGGGGGGGGGGGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
aggggaggggggtgggtggggggggaggggggagggagggggGagaggagggggagg 
GGGAGGGAGGGGGGGTGGGAGGGGGGGGGGATGGGAGGGGGAGGGGAGGTGAGGGGG 
GGGGAGGGGGTGAGTTTAAGGATATGAATAAGGGGAGGAGAAGAAAGTTAGGAGGATTG 
GGGTAGTAAGGGGGAGGGAAGGGGGAAGAGGGGAGGTTGAGAATGGGGGGGGGGGGGG 
TGGGAATTGTAGTGTGGAGAAGGGTGGTGAGGGGGGGAGGGGGGGGAAGTGGGGTGGA 
AAGGGGGGGGGGGGAGGGTGAGAGGGGGGTGGGGGGGGGAGGGTGTGGGAG 
>mexicana13 
GGGAAGAGGGGGGGGGGGGGGGGGGGGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
AGGGGAGGGGGGTGGGTGGGGGGGGAGGGGGGAGGGAGGGGGGAGAGGAGGGGGAGG 
GGGAGGGAGGGGGGGGGTGGGTGGGGAGGAGGGGAGAGGGGGGGGGGGATGGGAGGG 
GGAGGGGAGGTGAGGGGGGGGGAGGGGGTGAGTTTAAGGATATGAATAAGGGGAGGAG 
AAGAAAGTTAGGAGGATTGGGGTAGTAAGGGGGAGGGAAGGGGGAAGAGGGGAGGTTGA 
GAATGGGGGGGGGGGGGGTGGGAATTGTAGTGTGGAGAAGGGTGGTGAGGGGGGGAGG 
GGGGGGAAGTGGGGTGGAAAGGGGGGGGGGGGAGGGTGAGAGGGGGGTGGGGGGGGG 
AGGGTGTGGGAG 
>lingulata1 
GGGAAGAGGGGGGGGGGGGGGGGGGGGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
AGGGGAGGGGGGTGGGTGGGGGGGGAGGGGGGATGGAGGGGGGAGAGGAGGGGGAGG 
GGGAGGGGGGGGGGGTGGGGGGGTGAGTGGGGGGTGGGGGGGGAAGGAAGGGGAGAG 
GGGGGGGGGATGGGAGGGGGAGGGGAGGTGAGGGGGGGGGAGGGGGTGAGTTTAAGG 
ATATGAATAAGGGGAGGAGAAGAAAGTTAGGAGGATTGGGGTAGTAAGGGGGAGGGAAG 
GGGGAAGAGGGGAGGTTGAGAATGGGGGGGGGGGGGGGTGGGAATTGTAGTGTGGAGA 
AGGGTGGTGAGGGGGGGAGGGGGGGGAAGTGGGGTGGAAAGGGGGGGGGGGGAGGGT 
GAGAGGGGGGTGGGGGGGGGAGGGTGTGGGAG 
>pubescens2 
GGGAAGAGGGGGGGGGGGGGGGGGGGGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
AGGGGAGGGGGGTGGGTGGGGGGGGGGGGGGGGAGGGAGGGGGGAGAGGAGGGGGAG 
GGGGAGGGAGGGGGGGGGTGGTGGATGTGTTGTAGTGTGGGGAGGTAGAGGGGAGGGG 
GGGGGAGGAGGGGGGGGGGATGGGAGGGGGAGGGGAGGTGAGGGGGGGGGAGGGGG 
TGAGTTTAAGGATATGAATAAGGGGAGGAGAAGAAAGTTAGGAGGATTGGGGTAGTAAGG 
GGGAGGGAAGGGGGAAGAGGGGAGGTTGAGAATGGGGGGGGGGGGGGGTGGGAATTGT 
AGTGTGGAGAAGGGTGGTGAGGGGGGGAGGGGGGGGAAGTGGGGTGGAAAGGGGGGG 
GGGGGAGGGTGAGAGGGGGGTGGGGGGGGGAGGGTGTGGGAG 
174 
>angustifolia22 
CCGAAGAGCGGGCCGCCCGCGCGGGCCGGGCACGGCGAGTGGTGGACGCGACCGCG 
AGCCGAGCGCCGTGCCTCCGGCCCCGACGGCGACCGACCCCCGAGAGGAGCCCCACC 
CCGAGCGAGCGCGCCTCGCATCGGACCGCGACCCCAGGTCAGGCGGGGCCACCCGCT 
GAGTTTAAGGATATCAATAAGGGGAGGAGAAGAAACTTACGAGGATTCGCCTAGTAACGG 
GGAGGGAAGGGGGAAGAGGGGAGGTTGAGAATGGGGGGGGGGGGGGTGGGAATTGTAG 
TGTGGAGAAGGGTGGTGAGGGGGGGAGGGGGGGGAAGTGGGGTGGAAAGGGGGGGGG 
GGGAGGGTGAGAGGGGGGTGGGGGGGGGAGGGTGTGGGAG 
>tayonensis 
GGGAAGAGGGGGGGGGGGGGGGGGGTGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
AGGGGAGGGGGGTGGGTGGGGGGGGAGGGGGGAGGGAGGGGGGAGAGGAGGGGGATG 
GGGAGGGGGGGGGGGTGGTGGTGGTGTAGGGGAAGAAGAGGAGGGGGGGGGGATGGG 
AGGGGGAGGGGAGGTGAGGGGGGGGGAGGGGGTGAGTTTAAGGATATGAATAAGGGGA 
GGAGAAGAAAGTTAGGAGGATTGGGGTAGTAAGGGGGAGGGAAGGGGGAAGAGGGGAG 
GTTGAGAATGGGGGGGGGGGGGGGGGGGAATTGTAGTGTGGAGAAGGGTGGTGAGGGG 
GGGAGGGGGGGGAAGTGGGGTGGAAAGGGGGGGGGGGGAGGGTGAGAGGGGGGTGGG 
GGGGGGAGGGTGTGGGAG 
>bicolor10 
GGGAAGAGGGGGGGGGGGGGGGGGGGGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
AGGGGAGGGGGGTGGGTGGGGGGGGAGGGGGGAGGGAGGGGGGAGAGGAGGGGGAGG 
GGGAGGGGGGGGGGGTGGGGGGGGAGGGGGGGGGGGATGGGAGGGGGAGGGGAGGTG 
AGGGGGGGGGAGGGGGTGAGTTTAAGGATATGAATAAGGGGAGGAGAAGAAAGTTAGGA 
GGATTGGGGTAGTAAGGGGGAGGGAAGGGGGAAGAGGGGAGGTTGAGAATGGGGGGGG 
GGGGGGGTGGGAATTGTAGTGTGGAGAAGGGTGGTGAGGGGGGGAGGGGGGGGAAGTG 
GGGTGGAAAGGGGGGGGGGGGAGGGTGAGAGGGGGGTGGGGGGGGGAGGGTGTGGGA 
G 
>dactylina 
GGGAAGAGGGGGGGGGGGGGGGGGGGGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
AGGGGAGGGGGGTGGGTGGGGGGGGGGGGGGGAGGGAGGGGGGAGAGGAGGGGGAGG 
GGGAGGGAGGGGGGGGGTGGTGTATGTGTTGTAGTGTAGGGAAGTAAAGGAGAGGGGAG 
GGGAGGAGGGGGGGGGGATGGGAGGGGGAGGGGAGGTGAGGGGGGGGGAGGGGGTGA 
GTTTAAGGATATGAATAAGGGGAGGAGAAGAAAGTTAGGAGGATTGGGGTAGTAAGGGGG 
AGGGAAGGGGGAAGAGGGGAGGTTGAGAATGGGGGGGGGGGGGGGTGGGAATTGTAGT 
GTGGAGAAGGGTGGTGAGGGGGGGAGGGGGGGGAAGTGGGGTGGAAAGGGGGGGGGG 
GGAGGGTGAGAGGGGGGTGGGGGGGGGAGGGTGTGGGAG 
>haltonii12 
GGGAAGAGGGGGGGGGGGGGGGGGGGGGGGGAGGGGGAGTGGTGGAGGGGAGGGGG 
AGGGGAGGGGGGTGGGTGGGGGGGGGGGGGGGAGGGAGGGGGGAGAGGAGGGGGAGG 
GGGAGGGAGGGGGGGGGTGGGTGGGGAGGAGGGGAGAGGGGGGGGGGGATGGGAGGG 
GGAGGGGAGGTGAGGGGGGGGGAGGGGGTGAGTTTAAGGATATGAATAAGGGGAGGAG 
AAGAAAGTTAGGAGGATTGGGGTAGTAAGGGGGAGGGAAGGGGGAAGAGGGGAGGTTGA 
GAATGGGGGGGGGGGGGGGTGGGAATTGTAGTGTGGAGAAGGGTGGTGAGGGGGGGAG 
GGGGGGGAAGTGGGGTGGAAAGGGGGGGGGGGGAGGGTGAGAGGGGGGTGGGGGGGG 
GAGGGTGTGGGAG 
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MRBAYES Blocks: 
The following blocks were used in the Bayesian analysis 
matK: 
begin mrbayes; 
charset 1®*_pos= 1-827\3; 
charset 2"'^_pos = 2-827\3; 
charset 3''''_pos = 3-827\3; 
partition by_codon = 3; 1®'_pos,2"'^_pos, 3'"^_pos; 
Iset nst=2 rates=gamma; 
set autoclose=yes; 
mcmcp ngen=30000000 printfreq=10000 samplefreq=1000 
nchains=4 savebrlens=yesfilename=matk: 
memo; 
sumtfilename=matk.t burnin=3000 contype=halfcompat: 
end; 
rps16andlTS2: 
begin mrbayes; 
Iset nst=2 rates=gamma; 
set autoclose=yes; 
mcmcp ngen=3000000 printfreq=1000 samplefreq=100 
nchains=4 savebrlens=yesfilename=rps16; 
mcmc; 
sumtfilename=rps16.t burnin=3000 contype=halfcompat; 
end; 
cpConcatenated 
begin mrbayes; 
outgroup beuckeri; 
charset 1st_pos= 1-827\3; 
charset 2"'^_pos= 2-827\3; 
charset 3'^''_pos = 3-827\3; 
Iset nst=2 rates=gamma; 
set autoclose=yes 
mcmc ngen=3000000 printfreq=1000 samplefreq=100 
nchains=4savebrlens=yesfilename=matkrpsconcat; 
mcmc; 
sumtfilename=matkrpsconcat.t burnin=1000 contype=halfcompat; 
end; 
Concatenated all three loci 
Begin mrbayes; 
Outgroup beuckeri; 
charset 1st_pos= 1-827\3 
charset 2"'^_pos= 2-827\3 
charset 3'^'^_pos = 3-827\3 
176 
Iset nst=2 rates=gamma; 
set autoclose=yes: 
mcmcp ngen=3000000 printfreq=1000 samplefreq=100 
nchains=4 savebrlens=yesfilename=concatenatedallthree; 
mcmc; 
sumtfilename=concatenatedallthree.t burnin=3000 contype=halfcompat; 
end; 
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matK Mantel Test Input(Genetic versus Geographic Distances) 
Taxa 1 
allenii2 
alleniiS 
allenii3 
angustifolia19 
angustifolia19 
angustifolia19 
angustifolia22 
angustifolia22 
angustifolia22 
angustifolia22 
angustifoliaSI 
angustifolia31 
angustifolia31 
angustifolia31 
angustifolia31 
Bicoior 
Bicolor 
Bicoior 
Bicolor 
Bicoior 
Bicolor 
bromelifolia 
bromelifolia 
bromelifolia 
bromelifolia 
bromelifolia 
bromelifolia 
bromelifolia 
Bracteata15 
Bracteata15 
Bracteata15 
Bracteata15 
Bracteata15 
Bracteata15 
Bracteata15 
Bracteata15 
Bracteata22 
Bracteata22 
Bracteata22 
Bracteata22 
Bracteata22 
Bracteata22 
Bracteata22 
Bracteata22 
Taxa2 
alleniil 
alleniil 
allenii2 
alleniil 
allenii2 
allenii3 
alleniil 
allenii2 
allenii3 
angustifolia19 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
angustifolia31 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
angustifolia31 
bicolor 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
angustifolia31 
bicolor 
bromelifolia 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
angustifolia31 
bicolor 
bromelifolia 
Genetic Geograf 
Distances Distanc 
0.00604595 0 
0.00604595 6 
0 6 
0.00483676 289 
0.00846433 289 
0.00846433 290 
0.00483676 302 
0.00846433 302 
0.00846433 303 
0.00725514 17 
0.00483676 526 
0.00846433 526 
0.00846433 528 
0.00725514 255 
0 239 
0.00725514 4837 
0.00846433 4837 
0.00846433 4833 
0.00725514 5084 
0.00967352 5100 
0.00967352 5339 
0.00120919 4751 
0.00483676 4751 
0.00483676 4746 
0.00362757 4969 
0.00362757 4986 
0.00362757 5221 
0.00604595 744 
0.00483676 590 
0.00846433 590 
0.00846433 593 
0.00725514 314 
0.00725514 298 
0.00725514 67 
0.00967352 5396 
0.00362757 5272 
0.00241838 3555 
0.00604595 3555 
0.00604595 3559 
0.00483676 3328 
0.00483676 3310 
0.00483676 3076 
0.00725514 8384 
0.00120919 8297 
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Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
Bracteata22 bracteata15 0.0048S676 S026 
bruggeril 1 alleniil 0.002418S8 5086 
bruggeril1 allenii2 0.00604505 5086 
bruggeril1 alleniiS 0.00604505 5080 
bruggeril! angustifolia19 0.0048S676 5284 
bruggeril 1 angustifoiia22 0.0048S676 5S01 
bruggeril 1 angustifoliaSI 0.0048S676 55S0 
bruggeril 1 bicolor 0.00725514 1224 
bruggeril 1 bromelifolia 0.00120010 550 
bruggeril 1 bracteatalS 0.0048S676 5576 
bruggeril 1 bracteata22 0.002418S8 8508 
bruggeriSO alleniil 0.002418S8 4751 
bruggeriSO allenii2 0.00604505 4751 
bruggeriSO alleniiS 0.00604505 4746 
bruggeriSO angustifoliaig 0.0048S676 4060 
bruggeriSO angustifolia22 0.0048S676 4086 
bruggeriSO angustifoliaSI 0.0048S676 5221 
bruggeriSO bicolor 0.00725514 744 
bruggeriSO bromelifolia 0.00120010 0 
bruggeriSO bracteata15 0.0048S676 5271 
bruggeriSO bracteata22 0.002418S8 8207 
bruggeriSO bruggeril 1 0 550 
chant niiSS alleniil 0.002418S8 1211 
chant niiS5 allenii2 0.00604505 1211 
chant niiSS alleniiS 0.00604505 1205 
chant niiSS angustifoliaig 0.0048S676 1272 
chant niiSS angustifolia22 0.002418S8 1287 
chant niiSS angustifoliaSI 0.002418S8 147S 
chant niiS5 bicolor 0.00725514 4185 
chant niiSS bromelifolia 0.00120010 S020 
chant niiSS bracteatalS 0.0048S676 1501 
chant niiSS bracteata22 0.002418S8 4454 
chant niiSS bruggeril 1 0.002418S8 4167 
chant niiSS bruggeriSO 0.002418S8 S020 
chant niiS6 alleniil 0.002418S8 1000 
chant niiS6 allenii2 0.00604505 1000 
chant niiS6 alleniiS 0.00604505 108S 
chant niiS6 angustifoliaig 0.0048S676 1171 
chant niiS6 angustifolia22 0.002418S8 1186 
chant niise angustifoliaSI 0.002418S8 1S8S 
chant niiS6 bicolor 0.00725514 4184 
chant niiSe bromelifolia 0.00120010 S05S 
chant niiSG bracteatalS 0.0048S676 1416 
chant niiS6 bracteata22 0.002418S8 4S07 
chant niiS6 bruggeril! 0.002418S8 4200 
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Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
chantinii36 bruggeri30 0.00241838 39S3 
chantinii36 chantinii3S 0 141 
Capixabe27 alleniil 0.00483676 S301 
Capixabe27 allenii2 0.00846433 S301 
Capixabe27 allenii3 0.00846433 S297 
Capixabe27 angustifolia19 0 SS29 
Capixabe27 angustifolia22 0.0072SS14 SS46 
Capixabe27 angustifolia31 0.0072SS14 S783 
Capixabe27 bicolor 0.0072SS14 69S 
Capixabe27 bromelifolia 0.003627S7 606 
Capixabe27 bracteatalS 0.0072SS14 S83S 
Capixabe27 bracteata22 0.00483676 88SS 
Capixabe27 bruggeri11 0.00483676 748 
Capixabe27 bruggeri30 0.00483676 607 
Capixabe27 chantinii3S 0.00483676 4S20 
Capixabe27 chantinii36 0.00483676 4S40 
CapixabeS alleniil 0.00483676 S301 
CapixabeS allenii2 0.00846433 S301 
CapixabeS allenii3 0.00846433 S297 
CapixabeS angustifolia19 0 SS29 
CapixabeS angustifolia22 0.0072SS14 SS46 
CapixabeS angustifolia31 0.0072SS14 S783 
CapixabeS bicolor 0.0072SS14 69S 
CapixabeS bromelifolia 0.003627S7 606 
CapixabeS bracteatalS 0.0072SS14 S83S 
CapixabeS bracteata22 0.00483676 88SS 
CapixabeS bruggeri11 0.00483676 748 
CapixabeS bruggeri30 0.00483676 606 
CapixabeS chantinii3S 0.00483676 4S20 
CapixabeS chantinii36 0.00483676 4S40 
CapixabeS capixabe27 0 0 
Dactyiina alleniil 0 0 
Dactylina allenii2 0.00604S9S 0 
Dactyiina allenii3 0.00604S9S 6 
Dactylina angustifolia19 0.00483676 289 
Dactyiina angustifolia22 0.00483676 302 
Dactylina angustifolia31 0.00483676 S26 
Dactylina bicolor 0.0072SS14 4837 
Dactylina bromelifolia 0.00120919 47S1 
Dactylina bracteatalS 0.00483676 S90 
Dactylina bracteata22 0.00241838 3SSS 
Dactylina bruggeri11 0.00241838 S086 
Dactylina bruggeri30 0.00241838 47S1 
Dactylina chantinii3S 0.00241838 1211 
Dactylina chantinii36 0.00241838 1090 
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Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
Dactylina Gapixabe27 0.00483676 5301 
Dactylina capixabe5 0.00483676 5301 
germinyana alleniil 0.00483676 363 
germinyana allenii2 0.00604595 363 
germinyana alleniiS 0.00604595 358 
germinyana angustifolia19 0.00725514 619 
germinyana angustifolia22 0.00725514 635 
germinyana angustifolia31 0.00725514 872 
germinyana bicolor 0.00725514 4476 
germinyana bromelifolia 0.00362757 4390 
germinyana bracteata15 0.00725514 933 
germinyana bracteata22 0.00483676 3917 
germinyana bruggeril1 0.00483676 4730 
germinyana bruggeriSO 0.00483676 4390 
germinyana chantinii35 0.00483676 1005 
germinyana chantinii36 0.00483676 868 
germinyana capixabe27 0.00725514 4939 
germinyana capixabeS 0.00725514 4939 
germinyana dactylina 0.00483676 363 
haltoniil alleniil 0.00604595 179 
haltoniil allenii2 0.00967352 179 
haltoniil allenii3 0.00967352 178 
haltoniil angustifolia19 0.00604595 128 
haltoniil angustifolia22 0.00846433 145 
haltoniil angustifolia31 0.00846433 383 
haltoniil bicolor 0.00846433 4956 
haltoniil bromelifolia 0.00483676 4846 
haltoniil bracteata15 0.00846433 443 
haltoniil bracteata22 0.00604595 3451 
haltoniil bruggeril 1 0.00604595 5165 
haltoniil bruggeri30 0.00604595 4846 
haltoniil chantinii35 0.00604595 1189 
haltoniil chantinii36 0.00604595 1080 
haltoniil capixabe27 0.00604595 5404 
haltoniil capixabeS 0.00604595 5404 
haltoniil dactylina 0.00604595 179 
haltoniil germinyana 0.00846433 491 
haltoniil2 alleniil 0.00604595 181 
haltoniil2 allenii2 0.00967352 181 
haltoniil2 allenii3 0.00967352 180 
haltoniil2 angustifolia19 0.00604595 126 
haltoniil2 angustifolia22 0.00846433 143 
haltoniil2 angustifolia31 0.00846433 382 
haltoniil2 bicolor 0.00846433 4956 
haltoniil2 bromelifolia 0.00483676 4848 
181 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
haltonii12 bracteatal5 0.00846433 441 
haltonii12 bracteata22 0.00604595 3450 
haltonii12 bruggeri11 0.00604595 5167 
haltonii12 bruggeri30 0.00604595 4848 
haltonii12 chantinii35 0.00604595 1190 
haltonii12 chantinii36 0.00604595 1081 
haltonii12 capixabe27 0.00604595 5406 
haltonii12 capixabeS 0.00604595 5406 
haltonii12 dactylina 0.00604595 181 
haltonii12 germinyana 0.00846433 493 
haltonii12 haltoniil 0 2 
lingulatal alleniil 0.00725514 122 
lingulatal allenii2 0.00604595 122 
lingulatal allenii3 0.00604595 122 
lingulatal angustifolia19 0.00967352 176 
lingulatal angustifolia22 0.00967352 191 
lingulatal angustifolia31 0.00967352 426 
lingulatal bicolor 0.00967352 4918 
lingulatal bromelifolia 0.00604595 4815 
lingulatal bracteatal5 0.00967352 488 
lingulatal bracteata22 0.00725514 3484 
lingulatal bruggeri11 0.00725514 5139 
lingulatal bruggeri30 0.00725514 4815 
lingulatal chantinii35 0.00725514 1193 
lingulatal chantinii36 0.00725514 1080 
lingulatal capixabe27 0.00967352 5371 
lingulatal capixabeS 0.00967352 5371 
lingulatal dactylina 0.00725514 122 
lingulatal germinyana 0.00725514 447 
lingulatal haltoniil 0.01088271 57 
lingulatal haltoniil2 0.01088271 58 
Iingulata2 alleniil 0.00725514 122 
Iingulata2 allenii2 0.00604595 122 
Iingulata2 allenii3 0.00604595 122 
Iingulata2 angustifolia19 0.00967352 175 
Iingulata2 angustifolia22 0.00967352 191 
Iingulata2 angustifolia31 0.00967352 426 
Iingulata2 bicolor 0.00967352 4918 
Iingulata2 bromelifolia 0.00604595 4815 
Iingulata2 bracteatal5 0.00967352 488 
Iingulata2 bracteata22 0.00725514 3484 
Iingulata2 bruggeri!1 0.00725514 5139 
Iingulata2 bruggeri30 0.00725514 4815 
Iingulata2 chantinii35 0.00725514 1193 
Iingulata2 chantinii36 0.00725514 1080 
182 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
Iingulata2 capixabe27 0.009673S2 S371 
Iingulata2 capixabeS 0.009673S2 S371 
Iingulata2 dactylina 0.0072SS14 122 
Iingulata2 germinyana 0.0072SS14 447 
Iingulata2 haltoniil 0.01088271 S7 
Iingulata2 haltonii12 0.01088271 S8 
Iingulata2 lingulatal 0 1 
magdalenae26 alleniil 0.003627S7 1340 
magdalenae26 allenii2 0.00483676 1340 
magdalenae26 alleniiS 0.00483676 134S 
magdalenae26 angustifolia19 0.00604S9S 1148 
magdalenae26 angustifolia22 0.00604S9S 1131 
magdalenae26 angustifolia31 0.00604S9S 919 
magdalenae26 bicoior 0.00604S9S 61SS 
magdalenae26 bromelifoiia 0.00241838 6091 
magdalenae26 bracteatal5 0.00604S9S 889 
magdalenae26 bracteata22 0.003627S7 2229 
magdalenae26 bruggeri11 0.003627S7 6423 
magdalenae26 bruggeriSO 0.003627S7 6091 
magdalenae26 chantinii35 0.003627S7 2390 
magdalenae26 chantinii36 0.003627S7 2303 
magdalenae26 capixabe27 0.00604S9S 6637 
magdalenae26 capixabeS 0.00604S9S 6637 
magdalenae26 dactylina 0.003627S7 1340 
magdalenae26 germinyana 0.003627S7 1701 
magdalenae26 haltoniil 0.0072SS14 1261 
magdalenae26 haltoniil2 0.0072SS14 1260 
magdalenae26 lingulatal 0.00604S9S 128S 
magdalenae26 Iingulata2 0.00604S9S 1284 
mexicana alleniil 0.00241838 23 
mexicana allenii2 0.00604S9S 23 
mexicana allenii3 0.00604S9S 29 
mexicana angustifolia19 0.00483676 284 
mexicana angustifolia22 0.00483676 296 
mexicana angustifolia31 0.00483676 SIS 
mexicana bicoior 0.0072SS14 48S4 
mexicana bromelifoiia 0.00120919 4770 
mexicana bracteatal5 0.00483676 S80 
mexicana bracteata22 0.00241838 3S37 
mexicana bruggeri11 0.00241838 SI06 
mexicana bruggeri30 0.00241838 4770 
mexicana chantinii35 0.00241838 1234 
mexicana chantinii36 0.00241838 1112 
mexicana capixabe27 0.00483676 S319 
mexicana capixabeS 0.00483676 S319 
183 
 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
mexicana dactyiina 0.00241838 23 
mexicana germinyana 0.00483676 381 
mexicana haitoniil 0.00362757 181 
mexicana haltonii12 0.00362757 183 
mexicana lingulatal 0.00725514 125 
mexicana Iinguiata2 0.00725514 125 
mexicana magdaienae26 0.00362757 1321 
mexicana13 alieniil 0.00241838 182 
mexicana13 ailenii2 0.00604595 182 
mexicana13 aiienii3 0.00604595 182 
mexicana13 angustifolia19 0.00483676 125 
mexicana13 angustifolia22 0.00483676 142 
mexicana13 angustifolia31 0.00483676 380 
mexicana13 bicolor 0.00725514 4959 
mexicana13 bromelifolia 0.00120919 4849 
mexicana13 bracteatalS 0.00483676 440 
mexicana13 bracteata22 0.00241838 3449 
mexicana13 bruggeril1 0.00241838 5168 
mexicana13 bruggeri30 0.00241838 4849 
mexicana13 chantinii35 0.00241838 1191 
mexicana13 chantinii36 0.00241838 1082 
mexicana13 capixabe27 0.00483676 5407 
mexicana13 capixabeS 0.00483676 5407 
mexicana13 dactyiina 0.00241838 182 
mexicana13 germinyana 0.00483676 494 
mexicana13 haitoniil 0.00362757 3 
mexicana13 haitoniil2 0.00362757 1 
mexicana13 iinguiatal 0.00725514 60 
mexicana13 iinguiata2 0.00725514 60 
mexicana13 magdaienae26 0.00362757 1259 
mexicana13 mexicana 0 184 
mariae aiieniil 0.00362757 288 
mariae aiienii2 0.00725514 288 
mariae aiienii3 0.00725514 289 
mariae angustifoiia19 , 0.00604595 1 
mariae angustifoiia22 0.00604595 18 
mariae angustifoiia31 0.00604595 257 
mariae bicoior 0.00846433 5083 
mariae bromelifolia 0.00241838 4968 
mariae bracteatalS 0.00604595 316 
mariae bracteata22 0.00362757 3329 
mariae bruggeril1 0.00362757 5283 
mariae bruggeri30 0.00362757 4968 
mariae chantinii35 0.00362757 1272 
mariae chantinii36 0.00362757 1170 
184 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
mariae capixabe27 0.00604595 5528 
mariae capixabeS 0.00604595 5528 
mariae dactylina 0.00362757 288 
mariae germinyana 0.00604595 618 
mariae haltoniil 0.00463676 127 
mariae haltonii12 0.00483676 126 
mariae lingulatal 0.00846433 173 
mariae Iingulata2 0.00846433 174 
mariae magdalenae26 0.00483676 1149 
mariae mexicana 0.00120919 283 
mariae mexicana13 0.00120919 124 
mariae alleniil 0.00362757 291 
mariae allenii2 0.00725514 291 
mariae alleniiS 0.00725514 292 
mariae angustifolia19 0.00604595 13 
mariae angustifolia22 0.00604595 26 
mariae angustifolia31 0.00604595 260 
mariae bicolor 0.00846433 5079 
mariae bromelifolia 0.00241838 4963 
mariae bracteata15 0.00604595 318 
mariae bracteata22 0.00362757 3334 
mariae bruggeril1 0.00362757 5277 
mariae bruggeri30 0.00362757 4963 
mariae chantinii35 0.00362757 1261 
mariae chantinii36 0.00362757 1160 
mariae capixabe27 0.00604595 5523 
mariae capixabeS 0.00604595 5523 
mariae dactylina 0.00362757 291 
mariae germinyana 0.00604595 617 
mariae haltoniil 0.00483676 126 
mariae haltoniil2 0.00483676 125 
mariae lingulatal 0.00846433 175 
mariae Iingulata2 0.00846433 175 
mariae magdalenae26 0.00483676 1157 
mariae mexicana 0.00120919 287 
mariae mexicana13 0.00120919 123 
mariae mariae 0 12 
nudicaulis alleniil 0.00846433 290 
nudicaulis allenii2 0.0120919 290 
nudicaulis allenii3 0.0120919 291 
nudicaulis angustifolia19 0.01088271 10 
nudicaulis angustifolia22 0.01088271 24 
nudicaulis angustifolia31 0.01088271 259 
nudicaulis bicolor 0.01330109 5079 
nudicaulis bromelifolia 0.00725514 4964 
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Taxa 1 
nudicaulis16 
nudicaulis16 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pabstii32 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
pendu lflora21 
Taxa2 
mariae 
nudicaulis 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
angustifolia31 
bicolor 
bromelifolia 
bracteata15 
bracteata22 
bruggerM 1 
bruggeri30 
chantinii35 
chantinii36 
capixabe27 
capixabeS 
dactylina 
germinyana 
haltoniil 
haltonii12 
lingulatal 
Iingulata2 
magdalenae26 
mexicana 
mexicana13 
mariae 
mariae 
nudicaulis 
nudicau!is16 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
angustifolia31 
bicolor 
bromelifolia 
bracteata15 
bracteata22 
bruggeri11 
bruggeri30 
chantinii35 
chantinii36 
Genetic 
Distances 
0.00967352 
0 
0.00120919 
0.00483676 
0.00483676 
0.00362757 
0.00362757 
0.00362757 
0.00604595 
0 
0.00362757 
0.00120919 
0.00120919 
0.00120919 
0.00120919 
0.00120919 
0.00362757 
0.00362757 
0.00120919 
0.00362757 
0.00483676 
0.00483676 
0.00604595 
0.00604595 
0.00241838 
0.00120919 
0.00120919 
0.00241838 
0.00241838 
0.00725514 
0.00725514 
0.00241838 
0.00604595 
0.00604595 
0.00483676 
0.00483676 
0.00483676 
0.00725514 
0.00120919 
0.00483676 
0.00241838 
0.00241838 
0.00241838 
0.00241838 
0.00241838 
Geographic 
Distances 
1.1 
2 
4837 
4837 
4833 
5084 
5100 
5339 
0 
744 
5396 
8384 
1224 
744 
4185 
4184 
695 
695 
4837 
4476 
4956 
4956 
4918 
4918 
6155 
4854 
4959 
5083 
5079 
5079 
5080 
300 
300 
298 
14 
4 
241 
5098 
4983 
301 
3314 
5298 
4983 
1284 
1183 
187 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
penduilflora21 capixabe27 0.00483676 5543 
penduilflora21 capixabeS 0.00483676 5543 
penduilflora21 dactylina 0.00241838 300 
penduilflora21 germinyana 0.00483676 633 
penduilflora21 haltoniil 0.00362757 142 
penduiIflora21 haltonii12 0.00362757 141 
penduilflora21 lingulatal 0.00725514 189 
penduilflora21 Iingulata2 0.00725514 189 
penduilflora21 magdalenae26 0.00362757 1135 
penduilflora21 mexicana 0 295 
penduiIflora21 mexicana13 0 139 
penduilflora21 mariae 0.00120919 15 
penduilflora21 mariae 0.00120919 23 
penduilflora21 nudicaulis 0.00846433 20 
penduilflora21 nudicaulis16 0.00846433 22 
penduilflora21 pabstii32 0.00120919 5098 
penduliflora23 alleniil 0.00241838 316 
penduliflora23 allenii2 0.00604595 316 
penduliflora23 allenii3 0.00604595 318 
penduliflora23 angustifolia19 0.00483676 43 
penduliflora23 angustifolia22 0.00483676 26 
penduliflora23 angustifolia31 0.00483676 217 
penduliflora23 bicolor 0.00725514 5123 
penduliflora23 bromelifolia 0.00120919 5011 
penduliflora23 bracteata15 0.00483676 278 
penduliflora23 bracteata22 0.00241838 3286 
penduliflora23 bruggeri11 0.00241838 5327 
pendu!iflora23 bruggeri30 0.00241838 5011 
penduliflora23 chantinii35 0.00241838 1313 
penduliflora23 chantinii36 0.00241838 1213 
penduliflora23 capixabe27 0.00483676 5570 
penduliflora23 capixabeS 0.00483676 5570 
penduliflora23 dactylina 0.00241838 316 
penduliflora23 germinyana 0.00483676 655 
penduliflora23 haltoniil 0.00362757 167 
penduliflora23 haltoniil2 0.00362757 166 
penduliflora23 lingulatal 0.00725514 209 
penduliflora23 Iingulata2 0.00725514 209 
penduliflora23 magdalenae26 0.00362757 1105 
penduliflora23 mexicana 0 308 
penduliflora23 mexicana13 0 164 
penduliflora23 mariae 0.00120919 44 
penduliflora23 mariae 0.00120919 53 
penduliflora23 nudicaulis 0.00846433 51 
penduliflora23 nudicaulis16 0.00846433 52 
188 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
penduliflora23 pabstii32 0.00120919 5123 
penduliflora23 penduilflora21 0 30 
pubescensi alleniil 0.00120919 23 
pubescensi allenii2 0.00725514 23 
pubescensi al[enii3 0.00725514 29 
pubescensi angustifolia19 0.00604595 284 
pubescensi angustifolia22 0.00604595 296 
pubescensi angustifolia31 0.00604595 515 
pubescensi bicolor 0.00846433 4854 
pubescensi bromelifolia 0.00241838 4470 
pubescensi bracteatalS 0.00604595 580 
pubescensi bracteata22 0.00362757 3537 
pubescensi bruggeril 1 0.00362757 5106 
pubescensi bruggeri30 0.00362757 4770 
pubescensi chantinii35 0.00362757 1234 
pubescensi chantinii36 0.00362757 1112 
pubescensi capixabe27 0.00604595 5319 
pubescensi capixabeS 0.00604595 5319 
pubescensi dactylina 0.00120919 23 
pubescensi germinyana 0.00604595 381 
pubescensi haltoniil 0.00725514 181 
pubescensi haltonii12 0.00725514 183 
pubescensi lingulatal 0.00846433 125 
pubescensi Iingulata2 0.00846433 125 
pubescensi magdalenae26 0.00483676 1321 
pubescensi mexicana 0.00362757 0 
pubescensi mexicana13 0.00362757 184 
pubescensi mariae 0.00483676 283 
pubescensi mariae 0.00483676 287 
pubescensi nudicaulis 0.00967352 286 
pubescensi nudicaulislG 0.00967352 287 
pubescensi pabstii32 0.00241838 4854 
pubescensi penduilflora21 0.00362757 295 
pubescensi penduliflora23 0.00362757 308 
setigera alleniil 0.00241838 20 
setigera allenii2 0.00362757 20 
setigera allenii3 0.00362757 25 
setigera angustifolia19 0.00483676 272 
setigera angustifolia22 0.00483676 284 
setigera angustifolia31 0.00483676 507 
setigera bicolor 0.00725514 4858 
setigera bromelifolia 0.00120919 4771 
setigera bracteatalS 0.00483676 572 
setigera bracteata22 0.00241838 3534 
setigera bruggeril1 0.00241838 5105 
189 
Genetic Geographic 
Taxa 1 Taxa 2 Distances Distances 
setigera bruggeriSO 0.00241838 4771 
setigera chantinii35 0.00241838 1225 
setigera chantinii36 0.00241838 1104 
setigera capixabe27 0.00483676 5322 
setigera capixabeS 0.00483676 5322 
setigera dactyiina 0.00241838 20 
setigera germinyana 0.00483676 383 
setigera haitoniil 0.00604595 167 
setigera haitonii12 0.00604595 168 
setigera iinguiatal 0.00483676 111 
setigera iinguiata2 0.00483676 111 
setigera magdaienae26 0.00362757 1320 
setigera mexicana 0.00241838 15 
setigera mexicana13 0.00241838 170 
setigera mariae 0.00362757 271 
setigera mariae 0.00362757 275 
setigera nudicauiis 0.00846433 274 
setigera nudicauiis16 0.00846433 275 
setigera pabstii32 0.00120919 4858 
setigera penduiifiora21 0.00241838 284 
setigera penduiifiora23 0.00241838 298 
setigera pubescensi 0.00362757 15 
strobiiinal aiieniil 0 26 
strobilinal aiienii2 0.00604595 26 
strobiiinal aiieniiS 0.00604595 30 
strobiiinal angustifoiia19 0.00483676 306 
strobiiinal angustifoiia22 0.00483676 319 
strobiiinal angustifoiia31 0.00483676 538 
strobiiinal bicoior 0.00725514 4833 
strobiiinal bromeiifoiia 0.00120919 4751 
strobiiinal bracteata15 0.00483676 603 
strobiiinal bracteata22 0.00241838 3557 
strobiiinal bruggeril 1 0.00241838 5100 
strobiiinal bruggeri30 0.00241838 4751 
strobiiinal chantinii35 0.00241838 1229 
strobiiinal chantinii36 0.00241838 1106 
strobiiinal capixabe27 0.00483676 5300 
strobiiinal capixabeS 0.00483676 5300 
strobiiinal dactyiina 0 26 
strobiiinal germinyana 0.00483676 362 
strobiiinal haitoniil 0.00604595 201 
strobiiinal haitoniil2 0.00604595 200 
strobiiinal iinguiatal 0.00725514 145 
strobiiinal iinguiata2 0.00725514 145 
strobiiinal magdaienae26 0.00362757 1339 
190 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
strobil nal mexicana 0.00241838 23 
strobil nal mexicana13 0.00241838 204 
strobil nal mariae 0.00362757 305 
strobil nal mariae 0.00362757 309 
strobil nal nudicaulis 0.00846433 309 
strobil nal nudicaulis16 0.00846433 309 
strobil nal pabstii32 0.00120919 4833 
strobil nal penduilflora21 0.00241838 318 
strobil nal penduliflora23 0.00241838 331 
strobil nal pubescensi 0.00120919 23 
strobil nal setigera 0.00241838 35 
tillandsioidesi alleniil 0.00362757 290 
tillandsioidesi allenii2 0.00725514 290 
tillandsioidesi allenii3 0.00725514 291 
tillandsioidesi angustifoliaig 0.00604595 7 
tillandsioidesi angustifolia22 0.00604595 10 
tillandsioidesi angustifolia31 0.00604595 258 
tillandsioidesi bicolor 0.00846433 5081 
tillandsioidesi bromelifolia 0.00241838 4966 
tillandsioidesi bracteatalS 0.00604595 316 
tillandsioidesi bracteata22 0.00362757 3331 
tillandsioidesi bruggerill 0.00362757 5280 
tillandsioidesi bruggeri30 0.00362757 4966 
tillandsioidesi chantinii35 0.00362757 1266 
tillandsioidesi chantinii36 0.00362757 1166 
tillandsioidesi capixabe27 0.00604595 5526 
tillandsioidesi capixabeS 0.00604595 5526 
tillandsioidesi dactylina 0.00362757 290 
tillandsioidesi germinyana 0.00604595 618 
tillandsioidesi haltoniil 0.00483676 127 
tillandsioidesi haltonii12 0.00483676 126 
tillandsioidesi lingulatal 0.00846433 175 
tillandsioidesi Iingulata2 0.00846433 175 
tillandsioidesi magdalenae26 0.00483676 1153 
tillandsioidesi mexicana 0.00362757 285 
tillandsioidesi mexicana13 0.00362757 123 
tillandsioidesi mariae 0.00483676 7 
tillandsioidesi mariae 0.00483676 6 
tillandsioidesi nudicaulis 0.00967352 3 
tillandsioidesi nudicaulis16 0.00967352 5 
tillandsioidesi pabstii32 0.00241838 5081 
tillandsioidesi penduilflora21 0.00362757 18 
tillandsioidesi penduliflora23 0.00362757 48 
tillandsioidesi pubescensi 0.00483676 285 
tillandsioidesi setigera 0.00362757 273 
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Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
tonduzii bracteata15 0.00725514 488 
tonduzii bracteata22 0.00483676 3484 
tonduzii bruggeril 1 0.00483676 5139 
tonduzii bruggeriSO 0.00483676 4815 
tonduzii chantinii35 0.00483676 1193 
tonduzii chantinii36 0.00483676 1080 
tonduzii capixabe27 0.00725514 5371 
tonduzii capixabeS 0.00725514 5371 
tonduzii dactylina 0.00483676 122 
tonduzii germinyana 0.00483676 447 
tonduzii haltoniil 0.00846433 59 
tonduzii haltonii12 0.00846433 58 
tonduzii lingulatal 0.00725514 1 
tonduzii iingulata2 0.00725514 0 
tonduzii magdalenae26 0.00362757 1285 
tonduzii mexicana 0.00483676 123 
tonduzii mexicana13 0.00483676 60 
tonduzii mariae 0.00604595 174 
tonduzii mariae 0.00604595 175 
tonduzii nudicaulis 0.01088271 175 
tonduzii nudicaulis16 0.01088271 175 
tonduzii pabstii32 0.00362757 4918 
tonduzii penduilflora21 0.00483676 189 
tonduzii penduliflora23 0.00483676 209 
tonduzii pubescensi 0.00604595 123 
tonduzii setigera 0.00483676 322 
tonduzii strobilinal 0.00483676 145 
tonduzii tillandsioidesi 0.00604595 175 
tonduzii tillandsioides2 0.00604595 176 
veitchii alleniil 0.00483676 298 
veitchii allenii2 0.00604595 298 
veitchii alienii3 0.00604595 299 
veitchii angustifolia19 0.00725514 26 
veitchii angustifolia22 0.00725514 37 
veitchii angustifolia31 0.00725514 262 
veitchii bicolor 0.00725514 5078 
veitchii bromelifolia 0.00362757 4960 
veitchii bracteata15 0.00725514 318 
veitchii bracteata22 0.00483676 3337 
veitchii bruggeril1 0.00483676 5272 
veitchii bruggeri30 0.00483676 4960 
veitchii chantinii35 0.00483676 1252 
veitchii chantinii36 0.00483676 1151 
veitchii capixabe27 0.00725514 5521 
veitchii capixabe5 0.00725514 5521 
193 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
ve tchii dactylina 0.00483676 298 
ve tchii germinyana 0 619 
ve tchii haltoniil 0.00846433 129 
vetchi haltonii12 0.00846433 128 
vetchi lingulatal 0.00725514 181 
vetchi iingulata2 0.00725514 181 
vetchi magdaienae26 0.00362757 1163 
vetchi mexicana 0.00483676 295 
vetchi mexicana13 0.00483676 125 
vetchi mariae 0.00604595 26 
vetchi mariae 0.00604595 14 
vetchi nudicauiis 0.01088271 16 
vetchi nudicaulis16 0.01088271 15 
vetchi pabstii32 0.00362757 5078 
vetchi penduilfIora21 0.00483676 33 
vetchi penduliflora23 0.00483676 62 
vetchi pubescensi 0.00604595 295 
vetchi setigera 0.00483676 282 
vetchi strobilinal 0.00483676 317 
vetchi tiliandsioidesl 0.00604595 19 
vetchi tillandsioides2 0.00604595 21 
vetchi tonduzii 0.00483676 181 
vetch i2 alleniil 0.00604595 122 
vetch i2 allenii2 0.00725514 122 
vetch i2 allenii3 0.00725514 122 
vetch i2 angustifolia19 0.00846433 176 
ve tch i2 angustifolia22 0.00846433 191 
vetch i2 angustifolia31 0.00846433 426 
vetch i2 bicolor 0.00846433 4918 
vetch i2 bromelifolia 0.00483676 4815 
ve tch i2 bracteatal5 0.00846433 488 
vetch i2 bracteata22 0.00604595 3484 
vetch i2 bruggeril 1 0.00604595 5139 
vetch i2 bruggeri30 0.00604595 4815 
vetch i2 chantinii35 0.00604595 1193 
vetch i2 chantinii36 0.00604595 1080 
vetch i2 capixabe27 0.00846433 5371 
vetch i2 capixabeS 0.00846433 5371 
vetch i2 dactylina 0.00604595 122 
vetch i2 germinyana 0.00120919 447 
vetch i2 haltoniil 0.00725514 57 
vetch i2 haltoniil2 0.00725514 58 
vetch i2 lingulatal 0.00846433 0 
vetch i2 Iingulata2 0.00846433 0 
vetch i2 magdalenae26 0.00483676 1285 
194 
Taxa 1 
veiliitchii2 
veiliitchii2 
veilsitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
veiliitchii2 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
tayonensis 
Taxa2 
mexicana 
mexicana13 
mahae 
mariae 
nudicauiis 
nudicaulis16 
pabstii32 
penduiifiora21 
pendu[ifiora23 
pubescensi 
setigera 
strobilinal 
tillandsioidesi 
tillandsioides2 
tonduzii 
veitchii 
alleniil 
allenii2 
allenii3 
angustifolia19 
angustifolia22 
angustifolia31 
bicolor 
bromelifolia 
bracteata15 
bracteata22 
bruggeril1 
bruggeri30 
chantinii35 
chantinii36 
capixabe27 
capixabeS 
dactyiina 
germinyana 
haitoniil 
haltonii12 
lingulatal 
iingulata2 
magdalenae26 
mexicana 
mexicana13 
mariae 
mariae 
nudicauiis 
nudicaulis16 
Genetic 
Distances 
0.00604595 
0.00604595 
0.00725514 
0.00725514 
0.0120919 
0.0120919 
0.00483676 
0.00604595 
0.00604595 
0.00725514 
0.00604595 
0.00604595 
0.00483676 
0.00483676 
0.00604595 
0.00120919 
0.00362757 
0.00483676 
0.00483676 
0.00604595 
0.00604595 
0.00604595 
0.00362757 
0.00241838 
0.00604595 
0.00362757 
0.00362757 
0.00362757 
0.00362757 
0.00362757 
0.00604595 
0.00604595 
0.00362757 
0.00362757 
0.00725514 
0.00725514 
0.00604595 
0.00604595 
0.00241838 
0.00362757 
0.00362757 
0.00483676 
0.00483676 
0.00967352 
0.00967352 
Geographic 
Distances 
125 
60 
174 
175 
175 
175 
4918 
189 
209 
125 
111 
145 
175 
176 
0 
180 
1456 
1456 
1450 
1489 
1503 
1670 
4188 
3883 
1691 
4579 
4086 
3883 
267 
408 
4482 
4482 
1456 
1268 
1418 
1417 
1427 
1427 
2577 
1478 
1418 
1488 
1477 
1480 
1478 
195 
Genetic Geographic 
Taxa 1 Taxa2 Distances Distances 
tayonensis pabstii32 0.00241838 4188 
tayonensis pendui[flora21 0.00362757 1499 
tayonensis penduliflora23 0.00362757 1528 
tayonensis pubescensi 0.00483676 1478 
tayonensis setigera 0.00362757 1468 
tayonensis strobilinal 0.00362757 1475 
tayonensis tillandsioidesi 0.00483676 1482 
tayonensis tillandsioides2 0.00483676 1485 
tayonensis tonduzii 0.00362757 1427 
tayonensis veitchii 0.00362757 1467 
tayonensis veitchii2 0.00483676 1427 
warsii alleniil 0.00362757 5359 
warsii allenii2 0.00967352 5359 
warsii allenii3 0.00967352 5355 
warsii angustifo[ia19 0.00604595 5585 
warsii angustifolia22 0.00846433 5602 
warsii angustifolia31 0.00846433 5837 
warsii bicolor 0.00846433 783 
warsii bromelifolia 0.00483676 637 
warsii bracteata15 0.00846433 5889 
warsii bracteata22 0.00604595 8911 
warsii bruggeri11 0.00362757 709 
warsii bruggeri30 0.00362757 637 
warsii chantinii35 0.00604595 4563 
warsii chantinii36 0.00604595 4585 
warsii capixabe27 0.00604595 88 
warsii capixabeS 0.00604595 88 
warsii dactyliha 0.00362757 5359 
warsii germinyana 0.00846433 4997 
warsii haltoniil 0.00725514 5460 
warsii haltonii12 0.00725514 5460 
warsii lingulatal 0.01088271 5427 
warsii Iingulata2 0.01088271 5427 
warsii magdalenae26 0.00725514 6696 
warsii mexicana 0.00604595 5377 
warsii mexicana13 0.00604595 5463 
warsii mariae 0.00725514 5583 
warsii mariae 0.00725514 5578 
warsii nudicaulis 0.0120919 5580 
warsii nudicaulis16 0.0120919 5579 
warsii pabstii32 0.00483676 783 
warsii penduilflora21 0.00604595 5599 
warsii penduliflora23 0.00604595 5626 
warsii pubescensi 0.00483676 5377 
warsii setigera 0.00604595 5379 
196 
Taxa 1 
warsii 
warsii 
warsii 
warsii 
warsii 
warsii 
warsii 
Taxa 2 
strobilinal 
tillandsioidesi 
tillandsioides2 
tonduzii 
veitchii 
veitchii2 
tayonensis 
Genetic 
Distances 
0.00362757 
0.00725514 
0.00725514 
0.00846433 
0.00846433 
0.00967352 
0.00725514 
Geographic 
Distances 
5358 
5581 
5583 
5427 
5576 
5427 
4520 
197 
rps16 Mantel Test Input(Genetic versus Geographic Distances) 
Taxa 1 
A.allenii2 
A.alleniiS 
A.alleniiS 
A.angustifolia19 
A.angustifolia19 
A.angustifolia19 
A.angustifolia22 
A.angustifolia22 
A.angustifolia22 
A.angustifolia22 
A.angustifolia31 
A.angustifolia31 
A.angustifolia31 
A.angustifolia31 
A.angustifolia31 
A.bicolor 
A.bicolor 
A.bicolor 
A.bicolor 
A.bicolor 
A.bicolor 
A.bromelifolia 
A.bromelifolia 
A.bromelifolia 
A.bromelifolia 
A.bromelifolia 
A.bromelifolia 
A.bromelifolia 
A.bracteata15 
A.bracteata15 
A.bracteata15 
A.bracteata15 
A.bracteata15 
A.bracteata15 
A.bracteata15 
A.bracteatalS 
A.bracteata22 
A.bracteata22 
A.bracteata22 
A.bracteata22 
A.bracteata22 
A.bracteata22 
A.bracteata22 
A.bracteata22 
Taxa2 
A.alleniil 
A.alleniil 
A.allenii2 
A.alleniil 
A.allenii2 
A.allenii3 
A.alleniil 
A.allenii2 
A.allenii3 
A.angustifolia19 
A.alleniil 
A.allenii2 
A.allenii3 
A.angustifolia19 
A.angustifolia22 
A.alleniil 
A.allenii2 
A.allenii3 
A.angustifolia19 
A.angustifolia22 
A.angustifolia31 
A.alleniil 
A.allenii2 
A.allenii3 
A.angustifolia19 
A.angustifolia22 
A.angustifolia31 
A.bicolor 
A.alleniil 
A.allenii2 
A.allenii3 
A.angustifolia19 
A.angustifolia22 
A.angustifolia31 
A.bicolor 
A.bromelifolia 
A.alleniil 
A.allenii2 
A.allenii3 
A.angustifolia19 
A.angustifolia22 
A.angustifolia31 
A.bicolor 
A.bromelifolia 
Genetic Geographic 
Distance Distance 
0.00701231 0 
0.00933728 6 
0.0023175 6 
0.00582483 289 
0.00579139 289 
0.00809206 290 
0.00582483 302 
0.00579139 302 
0.00809206 303 
0 17 
0.00701124 526 
0.00695249 526 
0.00926999 528 
0.00116892 255 
0.00116892 239 
0.006955 4837 
0.00691151 4837 
0.00923025 4833 
0.00574741 5084 
0.00574741 5100 
0.00692 5339 
0.00930673 4751 
0.00926999 4751 
0.01158749 4746 
0.00808444 4969 
0.00808444 4986 
0.00927446 5221 
0.00920343 744 
0.0035078 590 
0.0105381 590 
0.01288497 593 
0.00937742 314 
0.00937742 298 
0.01056023 67 
0.01052293 5396 
0.01286189 5272 
0.00349243 3555 
0.01049571 3555 
0.01282063 3559 
0.00932701 3328 
0.00932701 3310 
0.00817438 3076 
0.0104448 8384 
0.01279013 8297 
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Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
A.chantinii36 A.brueggeri30 0.00S76939 39S3 
A.chantinii36 A.chantiniiSS 0 141 
A.capixabeS A.alleniil 0.004664S1 S301 
A.capixabeS A.allenii2 0.00463499 S301 
A.capixabeS A.allenii3 0.0069S249 S297 
A.capixabeS A.angustifolia19 0.0034SS06 SS29 
A.capixabeS A.angustifolia22 0.0034SS06 SS46 
A.capixabeS A.angustifolia31 0.00463943 S783 
A.capixabeS A.bicolor 0.0046001 69S 
A.capixabeS A.bromelifolia 0.0069S249 606 
A.capixabeS A.bracteatalS 0.008182SS S83S 
A.capixabeS A.bracteata22 0.00814786 88SS 
A.capixabeS A.bruggeril1 0.00463499 748 
A.capixabeS A.brueggeri30 0.00463499 607 
A.capixabeS A.chantinii3S 0.0034679 4S20 
A.capixabeS A.chantinii36 0.0034679 4S40 
A.capixabe27 A.alleniil 0.004664S1 S301 
A.capixabe27 A.allenii2 0.00463499 S301 
A.capixabe27 A.allenii3 0.0069S249 S297 
A.capixabe27 A.angustifolia19 0.0034SS06 SS29 
A.capixabe27 A.angustifolia22 0.0034SS06 SS46 
A.capixabe27 A.angustifolia31 0.00463943 S783 
A.capixabe27 A.bicolor 0.0046001 69S 
A.capixabe27 A.bromelifolia 0.0069S249 606 
A.capixabe27 A.bracteatalS 0.008182SS S83S 
A.capixabe27 A.bracteata22 0.00814786 88SS 
A.capixabe27 A.bruggeril1 0.00463499 748 
A.capixabe27 A.brueggeri30 0.00463499 606 
A.capixabe27 A.chantinii3S 0.0034679 4S20 
A.capixabe27 A.chantinii36 0.0034679 4S40 
A.capixabe27 A.capixabeS 0 0 
A.dactylina A.alleniil 0 0 
A.dactylina A.allenii2 0.00701231 0 
A.dactylina A.allenii3 0.00933728 6 
A.dactylina A.angustifolia19 0.00S82483 289 
A.dactylina A.angustifolia22 0.00S82483 302 
A.dactylina A.angustifolia31 0.00701124 S26 
A.dactylina A.bicolor 0.0069SS 4837 
A.dactylina A.bromelifolia 0.00930673 47S1 
A.dactylina A.bracteatalS 0.003S078 S90 
A.dactylina A.bracteata22 0.00349243 3SSS 
A.dactylina A.bruggeril1 0.00698209 S086 
A.dactylina A.brueggeri30 0.00698209 47S1 
A.dactylina A.chantinii3S 0.00S827S6 1211 
A.dactylina A.chantinii36 0.00S827S6 1090 
200 
Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
A.dactylina A.capixabeS 0.004664S1 S301 
A.dactylina A.capixabe27 0.004664S1 S301 
A.germinyana A.alleniil 0.00466441 363 
A.germinyana A.allenii2 0.00463499 363 
A.germinyana A.alleniiS 0.0069S249 3S8 
A.germinyana A.angustifolia19 0.00346907 619 
A.germinyana A.angustifolia22 0.00346907 63S 
A.germinyana A.angustifolia31 0.00463943 872 
A.germinyana A.bicolor 0.00228S03 4476 
A.germinyana A.bromelifolia 0.0069S249 4390 
A.germinyana A.bracteata15 0.008182S4 933 
A.germinyana A.bracteata22 0.00814781 3917 
A.germinyana A.bruggeril1 0.00463499 4730 
A.germinyana A.brueggeriSO 0.00463499 4390 
A.germinyana A.chantinii35 0.0034679 100S 
A.germinyana A.chantinii36 0.0034679 868 
A.germinyana A.capixabeS 0.002317S 4939 
A.germinyana A.capixabe27 0.002317S 4939 
A.germinyana A.dactylina 0.00466441 363 
A.haltoniil A.alleniil 0.00702934 179 
A.haltoniil A.allenii2 0.0069S249 179 
A.haltoniil A.allenii3 0.00926999 178 
A.haltoniil A.angustifolia19 0.00S78292 128 
A.haltoniil A.angustifolia22 0.00S78292 14S 
A.haltoniil A.angustifolia31 0.0069S249 383 
A.haltoniil A.bicolor 0.00689221 49S6 
A.haltoniil A.bromelifolia 0.00926999 4846 
A.haltoniil A.bracteatalS 0.010S47S2 443 
A.haltoniil A.bracteata22 0.010S1274 34S1 
A.haltoniil A.bruggeril1 0.0069S249 S16S 
A.haltoniil A.brueggeri30 0.0069S249 4846 
A.haltoniil A.chantinii35 0.00S791S4 1189 
A.haltoniil A.chantinii36 0.00S791S4 1080 
A.haltoniil A.capixabeS 0.00463499 S404 
A.haltoniil A.capixabe27 0.00463499 S404 
A.haltoniil A.dactylina 0.00702934 179 
A.haltoniil A.germinyana 0.00463499 491 
A.haltoniil2 A.alleniil 0.00702934 181 
A.haltonii12 A.allenii2 0.0069S249 181 
A.haltonii12 A.alleniiS 0.00926999 180 
A.haltonii12 A.angustifolia19 0.00S78292 126 
A.haltoniil2 A.angustifolia22 0.00S78292 143 
A.haltonii12 A.angustifolia31 0.0069S249 382 
A.haltoniil2 A.bicolor 0.00689221 49S6 
A.haltoniil2 A.bromelifolia 0.00926999 4848 
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Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
A.mr A.capixabeS 0.00579374 5528 
A.mr A.capixabe27 0.00579374 5528 
A.mr A.dactylina 0.00819257 288 
A.mr A.germinyana 0.00579374 618 
A.mr A.haltoniil 0.00115675 127 
A.mr A.haltonii12 0.00115875 126 
A.mr A.lingulatal 0.01036547 173 
A.mr A.lingulata2 0.00921933 174 
A.mr A.magdalenae26 0.00811733 1149 
A.mr A.mexicana 0.00115875 283 
A.mr A.mexicana13 0.00115875 124 
A.mr15 A.alleniil 0.00819257 291 
A.mr15 A.allenii2 0.00811124 291 
A.mr15 A.alleniiS 0.01042874 292 
A.mr15 A.angustifolia19 0.00695491 13 
A.mr15 A.angustifolia22 0.00695491 26 
A.mr15 A.angustifolia31 0.00811571 260 
A.mr15 A.bicolor 0.00806331 5079 
A.mr15 A.bromelifolia 0.01042874 4963 
A.mr15 A.bracteata15 0.00938119 318 
A.mr15 A.bracteata22 0.01167596 3334 
A.mr15 A.bruggeri11 0.00811124 5277 
A.mr15 A.brueggeri30 0.00811124 4963 
A.mr15 A.chantinii35 0.00695798 1261 
A.mr15 A.chantinii36 0.00695798 1160 
A.mr15 A.capixabeS 0.00579374 5523 
A.mr15 A.capixabe27 0.00579374 5523 
A.mr15 A.dactylina 0.00819257 291 
A.mr15 A.germinyana 0.00579374 617 
A.mr15 A.haltoniil 0.00115875 126 
A.mr15 A.haltoniil2 0.00115875 125 
A.mr15 A.lingulatal 0.01036547 175 
A.mr15 A.lingulata2 0.00921933 175 
A.mr15 A.magdalenae26 0.00811733 1157 
A.mr15 A.mexicana 0.00115875 287 
A.mr15 A.mexicana13 0.00115875 123 
A.mr15 A.mr 0 12 
A.nudicaulis A.alleniil 0.00817184 290 
A.nudicaulis A.allenii2 0.00811315 290 
A.nudicaulis A.allenii3 0.01042548 291 
A.nudicaulis A.angustifolia19 0.00692964 10 
A.nudicaulis A.angustifolia22 0.00692964 24 
A.nudicaulis A.angustifolia31 0.0081087 259 
A.nudicaulis A.bicolor 0.00808447 5079 
A.nudicaulis A.bromelifolia 0.0104248 4964 
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Taxa 1 
A.nudicaulis16 
A.nudicaulis16 
A.pabstii 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabsti 
A.pabstii 
A.penduiiflora21 
A.pendulifiora21 
A.penduliflora21 
A.pendulifiora21 
A.penduliflora21 
A.penduiiflora21 
A.pendulifiora21 
A.penduliflora21 
A.penduliflora21 
A.penduiiflora21 
A.penduliflora21 
A.penduiiflora21 
A.penduliflora21 
A.penduiiflora21 
Taxa2 
A.mr15 
A.nudicaulis 
A.alleniil 
A.allenii2 
A.alleniiS 
A.angustifolia19 
A.angustifolia22 
A.angustifolia31 
A.bicolor 
A.bromelifoiia 
A.bracteatalS 
A.bracteata22 
A.bruggeri11 
A.brueggeriSO 
A.chantinii35 
A.chantinii36 
A.capixabeS 
A.capixabe27 
A.dactylina 
A.germinyana 
A.haltoniil 
A.haltonii12 
A.linguiatal 
A.lingulata2 
A.magdalenae26 
A.mexicana 
A.mexicana13 
A.mr 
A.mr15 
A.nudicaulis 
A.nudicaulis16 
A.alleniil 
A.allenii2 
A.allenii3 
A.angustifolia19 
A.angustifolia22 
A.angustifolia31 
A.bicolor 
A.bromelifoiia 
A.bracteatalS 
A.bracteata22 
A.bruggeril1 
A.brueggeri30 
A.chantinii35 
A.chantinii36 
Genetic 
Distance 
0.00810295 
0.0011558 
0.00702169 
0.00704435 
0.00942012 
0.00584952 
0.00584952 
0.00704738 
0.00693038 
0.00237554 
0.01057284 
0.01052563 
0 
0 
0.00585257 
0.00585257 
0.00466256 
0.00466256 
0.00702169 
0.00466258 
0.00700139 
0.00700139 
0.00922369 
0.008071 
0.00706683 
0.00700139 
0.00700139 
0.00816461 
0.00816461 
0.00820128 
0.0070296 
0.00819257 
0.00811124 
0.01042874 
0.00695491 
0.00695491 
0.00811571 
0.00806331 
0.01042874 
0.0117108 
0.01167596 
0.00811124 
0.00811124 
0.00695798 
0.00695798 
Geographic 
Distance 
1.1 
2 
4837 
4837 
4833 
5084 
5100 
5339 
0 
744 
5396 
8384 
1224 
744 
4185 
4184 
695 
695 
4837 
4476 
4956 
4956 
4918 
4918 
6155 
4854 
4959 
5083 
5079 
5079 
5080 
300 
300 
298 
14 
4 
241 
5098 
4983 
3314 
5298 
4983 
1284 
1183 
207 
301 
Genetic Geographic 
Taxa 1 Taxa 2 Distance Distance 
A.penduliflora21 A.capixabeS 0.00579374 5543 
A.penduliflora21 A.capixabe27 0.00579374 5543 
A.penduliflora21 A.dactylina 0.00819257 300 
A.penduliflora21 A.germinyana 0.00579374 633 
A.penduliflora21 A.haltoniil 0.00115875 142 
A.penduliflora21 A.haltonii12 0.00115875 141 
A.penduliflora21 A.lingulatal 0.01036547 189 
A.penduliflora21 A.lingulata2 0.00921933 189 
A.penduliflora21 A.magdalenae26 0.00811733 1135 
A.penduliflora21 A.mexicana 0.00115875 295 
A.penduliflora21 A.mexicana13 0.00115875 139 
A.penduliflora21 A.mr 0.0023175 15 
A.penduliflora21 A.mr15 0.0023175 23 
A.penduliflora21 A.nudicaulis 0.0092659 20 
A.penduliflora21 A.nudicaulis16 0.00810295 22 
A.penduliflora21 A.pabstii 0.00816461 5098 
A.penduliflora23 A.alleniil 0.0093584 316 
A.penduliflora23 A.allenii2 0.00926999 316 
A.penduliflora23 A.allenii3 0.01158749 318 
A.penduliflora23 A.angustifolia19 0.00811404 43 
A.penduliflora23 A.angustifolia22 0.00811404 26 
A.penduliflora23 A.angustifolia31 0.00927448 217 
A.penduliflora23 A.bicolor 0.00921881 5123 
A.penduliflora23 A.bromelifolia 0.01158749 5011 
A.penduliflora23 A.bracteata15 0.01289104 278 
A.penduliflora23 A.bracteata22 0.01284175 3286 
A.penduliflora23 A.bruggeri11 0.00926999 5327 
A.penduliflora23 A.brueggeri30 0.00926999 5011 
A.penduliflora23 A.chantinii35 0.00812202 1313 
A.penduliflora23 A.chantinii36 0.00812202 1213 
A.pendulifIora23 A.capixabeS 0.00695249 5570 
A.penduliflora23 A.capixabe27 0.00695249 5570 
A.penduliflora23 A.dactylina 0.0093584 316 
A.penduliflora23 A.germinyana 0.00695249 655 
A.penduliflora23 A.haltoniil 0.0023175 167 
A.penduliflora23 A.haltoniil2 0.0023175 166 
A.penduliflora23 A.lingulatal 0.01151967 209 
A.penduliflora23 A.linguiata2 0.01037344 209 
A.penduliflora23 A.magdalenae26 0.00928779 1105 
A.penduliflora23 A.mexicana 0.0023175 308 
A.penduliflora23 A.mexicana13 0.0023175 164 
A.penduliflora23 A.mr 0.00347625 44 
A.penduliflora23 A.mr15 0.00347625 53 
A.penduliflora23 A.nudicaulis 0.01042243 51 
A.penduliflora23 A.nudicau!is16 0.00925948 52 
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Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
A.strobil nal A.mexicana 0.00702934 23 
A.strobil nal A.mexicana13 0.00702934 204 
A.strobil nal A.mr 0.00819257 305 
A.strobil nal A.mrlS 0.00819257 309 
A.strobil nal A.nudicaulis 0.00817184 309 
A.strobil nal A.nudicaulislG 0.00700186 309 
A.strobil nal A.pabstii 0.00702169 4833 
A.strobil nal A.penduliflora21 0.00819257 318 
A.strobil nal A.penduliflora23 0.0093584 331 
A.strobil nal A.pubescensi 0.00116414 23 
A.strobil nal A.setigera 0.00698459 35 
A.t llandsioidesi A.alleniil 0.00700422 290 
A.tllandsioidesi A.allenii2 0.00695249 290 
A.tllandsioidesi A.allenii3 0.00926999 291 
A.tllandsioidesi A.angustifolia19 0.00115688 7 
A.tllandsioidesi A.angustifolia22 0.00115688 10 
A.tllandsioidesi A.angustifolia31 0.00232019 258 
A.tllandsioidesi A.bicolor 0.00575256 5081 
A.tllandsioidesi A.bromelifolia 0.00927446 4966 
A.tllandsioidesi A.bracteatalS 0.01054629 316 
A.tllandsioidesi A.bracteata22 0.01049205 3331 
A.tllandsioidesi A.bruggeril1 0.00695693 5280 
A.tllandsioidesi A.brueggeri30 0.00695693 4966 
Atllandsioidesi A.chantinii35 0.00115207 1266 
A.tllandsioidesi A.chantinii36 0.00115207 1166 
A.tllandsioidesi A.capixabeS 0.00463943 5526 
A.tllandsioidesi A.capixabe27 0.00463943 5526 
A.tllandsioidesi A.dactylina 0.00700422 290 
A.t llandsioidesi A.germinyana 0.00348069 618 
A.t llandsioidesi A.haltoniil 0.00695249 127 
A.tllandsioidesi A.haltonii12 0.00695249 126 
A.tllandsioidesi A.lingulatal 0.00802539 175 
A.tllandsioidesi A.lingulata2 0.00687939 175 
A.tllandsioidesi A.magdalenae26 0.00694221 1153 
A.tllandsioidesi A.mexicana 0.00695249 285 
A.tllandsioidesi A.mexicana13 0.00695249 123 
A.tllandsioidesi A.mr 0.00811571 7 
A.t llandsioidesi A.mrlS 0.00811571 6 
A.t llandsioidesi A.nudicaulis 0.00810805 3 
A.t llandsioidesi A.nudicaulisIS 0.00693775 5 
A.t llandsioidesi A.pabstii 0.00709116 5081 
A.tllandsioidesi A.penduliflora21 0.00811571 18 
A.tllandsioidesi A.penduliflora23 0.00927448 48 
A.tllandsioidesi A.pubescensi 0.00700422 285 
A.t llandsioidesi A.setigera 0.00463499 273 
211 
 
 
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
 
1
—
t
-
t
—
t
~
 
r
-
K
 
r
H
K
 
r
-
t
-
r
-
H
 
1
—
t
-
y
—
K
 
1
—
s
-
f
—
t
-
1
—
t
-
IZ
2^
 
c
T
.
 
c
h
 
eJ
".
 
>
>
>
>
 
=
:
 
0
0
0
0
 
o
T
0
"
0
0
0
0
0
0
 
o
T
0
0
0
 
o
T
0
 
o
T
o
T
0
 
q
T
o
T
0
"
o
T
o
T
0
0
0
 
q
T
0
 
q
T
0
"
q
T
q
T
S
T
q
T
 
H
 
o
 
o
 
O
 
O
 
O
 
O
Q
D
 
1
3
Q
D
D
Q
Q
D
 
Z
i
 
1
3
D
 
1
3
D
Q
D
D
 
1
3
 
1
3
D
 
1
3
D
 
1
3
Q
D
 
1
3
D
Q
Q
Q
D
Q
 
1
3
D
D
D
Q
 
Q
)
D
 
D
 
D
 
3
D
 
D
 
Q
.
q
.
q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
-
Q
.
Q
.
Q
.
Q
-
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
.
Q
-
0
 
0
0
0
0
0
0
Q
.
Q
.
 
Q
.
Q
.
Q
.
 Q
.
 
52
. 
52
. 
52
. 
52
. 
52
. 
0
 
0
 
0
 
0
 
0
 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 
X
 
0
)
C
 
C
 
C
 
C
 
C
 
C
O
o
"
o
o
"
o
"
o
"
o
'
o
"
o
"
o
"
o
'
o
"
o
"
o
"
o
'
o
"
o
'
o
"
o
"
o
"
o
'
o
"
o
"
o
"
o
"
o
"
o
'
o
"
o
"
o
"
o
'
o
'
o
"
o
'
o
"
o
"
o
"
 
N
 
N
 
N
 
N
 
N
 
N
 
q
!
q
!
q
1
o
i
Q
i
q
1
q
!
Q.
"
q
1
o
i
o
i
q
!
q
!
q
1
C
L
 
Q.
'
Q.
'
q
!
Q.
"
q
!
G
L
Q.
'
q
!
C
L
 
Q.
"
q
!
Q.
"
q
!
o
i
C
L
q
]
G
L
q
J
q
1
Q
i
q
J
o
i
 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 
N
3
N
O
 
N
O
 
N
O
 
N
O
 
N
O
N
3
N
O
 
N
O
 
N
O
 
N
O
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
N
O
 
>
>
>
>
 
>
 
>
>
 
>
>
 >
 
>
 
>
Q
)
 
Q
)
 
0
3
 
0
 
T
3
"
D
 
>
 >
 
0
0
 
0
 
>
=
>
 
a
|
Q
-
>
=3
1
3
 
D
>
>
>
0)
 ̂
>
-
b
0
 
3
i
£
5
>
>
^
>
^
>
b
 
b
 
C
J
b"
 
Q
 
Q
O
 
>
 =
5 
>
0
 
O
 
r
^
C
Q
 C
Q
 
C
Q
 
D
 
=
r
 
0
 
D
§
>
>
 
C
D
 
^
3
-
0
 
Q
. 
0
0
 
0
0
 
r
 
C
Q
 
C
Q
 
C
Q
 
r-
»
-
—
I 
c
r
 
c
C
 
C
0
0
 
Q
.
 Q
-
-
D
 
X
 
03
 
"O
 
c
r 
c
C
 
C
 
0
 
0
3
o
-
52
. 
C
 
0
)
 
Q3
_
%
^3
 
a
a
 
0
 
0
 
X
Q
.
O
 
■ ■
g
0
)
 
0
)
 
C
 
3
 
o
 
0
0
0
"
52
 
5
"
 
—
*
 
o
 
c
_
 
c
_
 
a
 ^
x"
 
0
0
 
0
q
;
g
 
D
_
 
o
;
=
 
0
3
 
0
 
0
3
 
0
3
 
i 
o 
5-
0
0
 
0
0
 
oS 
^̂
 
D
 
0
 
O
 
O
 
=
:
=
:
=
 
=
 
C
7"
 
I—
»
.
O
 
O
 
D
 
0
 
^
o
I
"
 
C
J
I
 
D
 
I
—
H
 
I—
♦-
=
: 
3
.^
 
D
-
3
. 
3
. 
g
 
2.
 
5"
 
N
)
o
 
C
O
 
I
k
"
 
—
J
 
0
3
 
03
 
03
 
-A
. 
=
: 
0
3
 
0
 
0
0
 
o
S
-
0
)
 
0
)
 
(
0
 
=
 
0
 
0
 
C
O
 
C
O
 
^
 
E"
" 
ir
 C
jO 
N3
 
0
0
)
 
0
)
 
0
 
N
3
N
3 
C
O
N
3 
0
0
S
°
 
C
a
)
|
s
j
 
-
s
.
 
i
n
 
N
3
 
N
3
 
C
)
 C
/)
 
C
O
 
N
3
0
 
S 
■
vl
 
C
Jl
 
(3
3 
C
Jl
O
 
N
3 
cr
i 
0"
 
C
O
 
N
3 
N
3
 
C
D
 
C
O
 
N
3 
C
D
C3
3 
M
 
I
—
^
 
O
O
o
O
o
o
o
o
 
O
O
O
O
o
O
o
o
o
o
O
O
o
O
o
o
O
O
O
O
O
o
o
o
O
o
P
p
o
o
o
o
O
O
P
b
b
b
b
b
b
b
b
 
o
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
 
9
.0
 
o
o
o
o
o
o
o
o
 
o
o
O
O
O
o
o
o
o
o
o
o
o
o
O
o
o
o
o
O
O
O
o
o
o
 
o
O
o
o
o
o
o
o
o
(3
3 
C
O
 
C
O
 
(3
3 
.N
. 
4
^ 
-s
i 
4
^ 
-s
i 
C
D
 
C
O
 
-s
j 
C3
3 
C
O
 
CX
3 
CX
3 
(3
3 
C3
3 
(3
3 
C3
3 
CX
3 
C3
3 
(3
3 
C
O
 
-s
i 
4
^ 
C3
3 
(3
3
o
o
 
C
D
 
c
n
 
N
O
 
C
D
 
(3
3 
■s
J 
m
 
(D
 
C
D
(3
3
(3
3 
4
^
C
D
(3
3 
C3
3 
o
(3
3
O
N
O
—
^
o
C
D
—
V
—
^
—
X
C
D
C
D
C
D
C
O
O
C
D
C
D
4
^
O
(3
3
(3
3 
^
—
x
C
D
C
D
45
a
c
n
N
O
 
C
O
 
\
N
O
C
D
o
o
O
O
O
 
c
n
c
n
c
n
4i
^ 
C
O
 
o
 
C
O
O
-s
j 
C
D
 
C
O
o
 
—
V
 
c
n
c
n
 
N
O
c
n
c
n
 
C
O
o
 
C
O
 
C
O
c
n
c
n
c
n
c
n
 
C
D
 
45
a 
c
n
 
N
O
c
n
c
n
 
C3
3
c
n
o
o
 
—
A
.
C
O
c
n
 
C
O
 
C
D
 
C
D
 
N
O
o
 
CX
3 
4
^
4
^ 
.N
. 
4i
^
c
n
 
C
O
c
n
c
n
 
N
O
 
N
O
 
N
O
 
C
D
c
n
 
N
O
M
o
4
^ 
C
D
 
C
D
 
N
O
 
N
O
 
C3
3 
(3
3 
N
O
 
(3
3 
4:
a 
N
O
o
 
C3
3 
C3
3 
C
D
 
N
O
 
4s
a
Ca
3 
N
O
 
Ca
O 
C
O
 
—
^
o
 
c
n
 
N
O
 
C
D
 
N
O
 
4!
^ 
■
vj
 
—
A
 
o
 
-s
i 
■
sj
 
4i>
. 
4i
A 
(D
4
^
N
O
C
O
C
O
 
(3
3
N
O
4J
a
45
^
o
o
C
D
C
D
O
N
O
 
c
n
 
0
0
C
O
C
D
 
N
O
N
O
C
O
 
N
O
 
CX
3 
CX
3 
C
O
 
C
D
 
N
O
 
N
O
 
C
D
 
N
3 
CX
3 
C3
3
c
n
c
n
 
—
i,
 
C
D
 
C
D
 
C
D
 
C
D
 
C
D
 
C
D
 
C
D
 
N
O
 
C
O
 
C
O
-s
i
-s
i 
C
O
 
C
O
c
n
 
C
D
 
(3
3 
(3
3 
C
D
 
C
O
 
C
O
 
C
D
 
C
D
 
N
O
 
N
O
 
rn O
 (̂
D
cn
 
-i
. 
D
ic
n
-^
—
^
 
.^
c
ji
c
o
 
j^
c
ji
O
O
C
D
^
-^
-^
-^
-^
-^
 
C
O
N
3N
3 
O
 
-^
N
3
-^
-^
-^
-^
-^
C
3
3
N
3
C
3
1
0
l-
^N
3
C
D
N
3
C
0
C
0
C
D
O
N
3
 
N
3N
3N
3C
O
 
&■
(§
N
3
0
0
C
n
"v
| 
-v
IN
)N
3
-^
C
D
N
3
N
3
C
3
3
C
3
3
C
3
)C
X
3
C
O
-»
>
 
C
33
C
30
C
Jl
K
3 
C
D
C
D
C
D
O
 
03
 
-«
 
C
nC
30
C
33
-^
C
33
hJ
N
3h
JN
O
C
X
34
5^
C
33
C
33
C
33
C
O
"N
lC
nC
O
C
nC
nC
33
-^
C
33
C
33
^C
X
3 
C
D
O
^
"v
l^
O
O
-v
lN
3
0
C
n
-N
l 
C
jO
-N
lO
O
l-
^
0
0
0
0
 
O
 ^
 
CD
 
Z
 
O
 
Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
A.tonduzi A.bracteata15 0.00815022 488 
A.tonduzi A.bracteata22 0.00811661 3484 
A.tonduzi A.bruggeri11 0.00464484 5139 
A.tonduzi A.brueggeriSO 0.00464484 4815 
A.tonduzi A.chantinii35 0.00346771 1193 
A.tonduzi A.chantinii36 0.00346771 1080 
A.tonduzi A.capixabeS 0.00228944 5371 
A.tonduzi A.capixabe27 0.00228944 5371 
A.tonduzi A.dactyiina 0.00463852 122 
A.tonduzi A.germinyana 0.00232428 447 
A.tonduzi A.haltoniil 0.00466274 59 
A.tonduzi A.haltonii12 0.00466274 58 
A.tonduzi A.Iingulatal 0.00686634 1 
A.tonduzi A.lingulata2 0.00570977 0 
A.tonduzi A.magdalenae26 0.00229061 1285 
A.tonduzi A.mexicana 0.00466274 123 
A.tonduzi A.mexicana13 0.00466274 60 
A.tonduzi A.mr 0.00580932 174 
A.tonduzi A.mr15 0.00580932 175 
A.tonduzi A.nudicauiis 0.00577157 175 
A.tonduzi A.nudicaulis16 0.0046171 175 
A.tonduzi A.pabstii 0.00471871 4918 
A.tonduzi A.penduliflora21 0.00580932 189 
A.tonduzi A.penduliflora23 0.00697855 209 
A.tonduzi A.pubescensi 0.00582345 123 
A.tonduzi A.setigera 0.00460525 322 
A.tonduzi A.strobilinal 0.00463852 145 
A.tonduzi A.tillandsioidesi 0.00464484 175 
A.tonduzi A.tillandsioides2 0.00464484 176 
A.veitchiil A.alieniil 0.00466441 298 
A.veitchiil A.alienii2 0.00463499 298 
A.veitchiil A.allenii3 0.00695249 299 
A.veitchiil A.angustifolia19 0.00346907 26 
A.veitchiil A.angustifolia22 0.00346907 37 
A.veitchiil A.angustifolia31 0.00463943 262 
A.veitchiil A.bicolor 0.00228503 5078 
A.veitchiil A.bromelifolia 0.00695249 4960 
A.veitchiil A.bracteata15 0.00818254 318 
A.veitchiil A.bracteata22 0.00814781 3337 
A.veitchiil A.bruggeri11 0.00463499 5272 
A.veitchiil A.brueggeri30 0.00463499 4960 
A.veitchiil A.chantinii35 0.0034679 1252 
A.veitchiil A.chantinii36 0.0034679 1151 
A.veitchiil A.capixabeS 0.0023175 5521 
A.veitchiil A.capixabe27 0.0023175 5521 
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Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
125 
A.veitchii2 A.mexicana13 0.00463499 60 
A.veitchii2 A.mr 0.00579374 174 
A.veitchii2 A.mr15 0.00579374 175 
A.veitchii2 A.nudicaulis 0.00578944 
A.veitchii2 A.mexicana 0.00463499 
175 
A.veitchii2 A.nudicaulis16 0.00462658 175 
A.veitchii2 A.pabstii 0.00466258 4918 
A.veitchii2 A.penduliflora21 0.00579374 189 
A.veitchii2 A.penduliflora23 0.00695249 209 
A.veitchii2 A.pubescensi 0.00466441 125 
A.veitchii2 A.setigera 0.00463499 111 
A.veitchii2 A.strobilinal 0.00466441 145 
A.veitchii2 A.tillandsioidesi 0.00348069 175 
A.veitchii2 A.tillandsioides2 0.00348069 176 
A.veitchii2 A.tonduzii 0.00232428 0 
A.veitchii2 A.veitchiil 0 180 
A.tayonensis A.alleniil 0.00696788 1456 
A.tayonensis A.allenii2 0.00694686 1456 
A.tayonensis A.allenii3 0.00927909 1450 
A.tayonensis A.angustifolia19 0.00574924 1489 
A.tayonensis A.angustifolia22 0.00574924 1503 
A.tayonensis A.angustifolia31 0.00694266 1670 
A.tayonensis A.bicolor 0.00691745 4188 
A.tayonensis A.bromelifolia 0.00927864 3883 
A.tayonensis A.bracteata15 0.01049806 1691 
A.tayonensis A.bracteata22 0.01042927 4579 
A.tayonensis A.bruggeri11 0.00693771 4086 
A.tayonensis A.brueggeri30 0.00693771 3883 
A.tayonensis A.chantinii35 0.0057758 267 
A.tayonensis A.chantinii36 0.0057758 408 
A.tayonensis A.capixabeS 0.00463542 4482 
A.tayonensis A.capixabe27 0.00463542 4482 
A.tayonensis A.dactylina 0.00696788 1456 
A.tayonensis A.germinyana 0.0046248 1268 
A.tayonensis A.haltoniil 0.00696573 1418 
A.tayonensis A.haltonii12 0.00696573 1417 
A.tayonensis A.iingulatal 0.00916177 1427 
A.tayonensis A.linguiata2 0.00800401 1427 
A.tayonensis A.magdalenae26 0 2577 
A.tayonensis A.mexicana 0.00696573 1478 
A.tayonensis A.mexicana13 0.00696573 1418 
A.tayonensis A.mr 0.00811733 1488 
A.tayonensis A.mr15 0.00811733 1477 
A.tayonensis A.nudicaulis 0.00811539 1480 
A.tayonensis A.nudicaulisie 0.00695218 1478 
215 
Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
A.tayonensis A.pabstii 0.00706683 4188 
A.tayonensis A.penciuliflora21 0.00811733 1499 
A.tayonensis A.penduliflora23 0.00928779 1528 
A.tayonensis A.pubescensi 0.00812608 1478 
A.tayonensis A.setigera 0.00695749 1468 
A.tayonensis A.strobiiinal 0.00696788 1475 
A.tayonensis A.tillandsioidesi 0.00694221 1482 
A.tayonensis A.tillandsioides2 0.00694221 1485 
A.tayonensis A.tonduzii 0.00229061 1427 
A.tayonensis A.veitchiil 0.0046248 1467 
A.tayonensis A.veitchii2 0.0046248 1427 
A.warsii A.alleniil 0.00582771 5359 
A.warsii A.allenii2 0.00579754 5359 
A.warsii A.alleniiS 0.00811504 5355 
A.warsii A.angustifolia19 0.00461504 5585 
A.warsii A.angustifolia22 0.00461504 5602 
A.warsii A.angustifoliaSI 0.00580259 5837 
A.warsii A.bicolor 0.00574077 783 
A.warsii A.bromelifolia 0.00580503 637 
A.warsii A.bracteata15 0.00934589 5889 
A.warsii A.bracteata22 0.0093111 8911 
A.warsii A.bruggeril1 0.00348379 709 
A.warsii A.brueggeri30 0.00348379 637 
A.warsii A.chantinii35 0.00462306 4563 
A.warsii A.chantinii36 0.00462306 4585 
A.warsii A.capixabeS 0.00347625 88 
A.warsii A.capixabe27 0.00347625 88 
A.warsii A.dactylina 0.00582771 5359 
A.warsii A.germinyana 0.00347625 4997 
A.warsii A.haltoniil 0.00579374 5460 
A.warsii A.haltonii12 0.00579374 5460 
A.warsii A.lingulatal 0.00802095 5427 
A.warsii A.linguiata2 0.00687497 5427 
A.warsii A.magdalenae26 0.00579035 6696 
A.warsii A.mexicana 0.00579374 5377 
A.warsii A.mexicana13 0.00579374 5463 
A.warsii A.mr 0.00695249 5583 
A.warsii A.mr15 0.00695249 5578 
A.warsii A.nudicaulis 0.00694157 5580 
A.warsii A.nudicaulis16 0.00577869 5579 
A.warsii A.pabstii 0.00350286 783 
A.warsii A.penduliflora21 0.00695249 5599 
A.warsii A.penduliflora23 0.00811124 5626 
A.warsii A.pubescensi 0.00699361 5377 
A.warsii A.setigera 0.00579754 5379 
216 
Taxa 1 
A.warsii 
A.warsii 
A.warsii 
A.warsii 
A.warsii 
A.warsii 
A.warsii 
Taxa2 
A.strobilinal 
A.tillandsioidesi 
A.tillandsioides2 
A.tonduzii 
A.veitchiil 
A.veitchii2 
A.tayonensis 
Genetic 
Distance 
0.00582771 
0.00580637 
0.00580637 
0.00347088 
0.00347625 
0.00347625 
0.00579035 
Geographic 
Distance 
5358 
5581 
5583 
5427 
5576 
5427 
4520 
217 
Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
angustifolia19 aleniil 0.01S964SS 289 
angustifolia22 aleniil 0.01S29929 302 
angustifolia22 angustifolia19 0.002644S6 17 
bicolorlO aleniil 0.0077614 4837 
bicolorlO angustifolia19 0.010S9004 S084 
bicolorlO angustifolia22 0.007968S7 SI00 
bromefoiia21 aleniil 0.01266S67 47S1 
bromefolia21 angustifolia19 0.01S91744 4969 
bromefolia21 angustifolia22 0.01S27914 4986 
bromefolia21 bicolorlO 0.007S7S76 744 
bracteata22 aleniil 0.01296094 SSSS 
bracteata22 angustifolia19 0.02149694 3328 
bracteata22 angustifolia22 0.01884147 3310 
bracteata22 bicolorlO 0.01S1277S 8384 
bracteata22 bromefolia21 0.017971S8 8297 
brueggeriSO aleniil 0.02048S7S 47S1 
brueggeriSO angustifolia19 0.01S62887 4969 
brueggeriSO angustifolia22 0.01S0089 4986 
brueggeriSO bicolorlO 0.01284201 744 
brueggeriSO bromefolia21 0.020SS98S 0 
brueggeriSO bracteata22 0.02S9S877 8297 
capixabeS aleniil 0.0128S929 S301 
capixabeS angustifolia19 0.00S2S986 SS29 
capixabeS angustifolia22 0.00266S17 SS46 
capixabeS bicolorlO 0.00771017 69S 
capixabeS bromefolia21 0.01291081 606 
capixabeS bracteata22 0.018S0109 88SS 
capixabeS brueggeriSO 0.0127SS1 606 
dactylina aleniil 0 0 
dactylina angustifolia19 0.01S8866S 289 
dactylina angustifolia22 0.01S28S14 302 
dactylina bicolorlO 0.00770S12 4837 
dactylina bromefolia21 0.01262626 47S1 
dactylina bracteata22 0.01292109 SSSS 
dactylina brueggeriSO 0.02040816 47S1 
dactylina capixabeS 0.01284S82 S301 
haltonii12 aleniil 0.00770933 181 
haltonii12 angustifolia19 0.010SSS79 126 
haltonii12 angustifolia22 0.0079S212 143 
haltonii12 bicolorlO 0.00S11976 49S6 
haltonii12 bromefolia21 0.01267887 4848 
haltonii12 bracteata22 0.01S0S842 34S0 
haltonii12 brueggeriSO 0.0127SS1 4848 
haltonii12 capixabeS 0.00771017 S406 
haltonii12 dactylina 0.0076SS06 181 
218 
Genetic Geographic 
Taxa 1 Taxa 2 Distance Distance 
lingulatal aleniil 0.02S0SS67 122 
lingulatal angustifolia19 0.01S02649 176 
lingulatal angustifolia22 0.01047S47 191 
lingulatal bicolorlO 0.012790SS 4981 
lingulatal bromefolia21 0.02281496 481S 
lingulatal bracteata22 0.02S9047 S484 
lingulatal brueggeriSO 0.01SS0612 481S 
lingulatal capixabeS 0.0076SS06 SS71 
lingulatal dactylina 0.0229S918 122 
lingulatal haltonii12 0.01SS0612 S8 
nudicaulis16 aleniil 0.0S126098 291 
nudicaulis16 angustifolia19 0.0S41S84S 12 
nudicaulis16 angustifolia22 0.0S68S427 16 
nudicaulis16 bicolorlO 0.028770S2 S080 
nudicaulis16 bromefolia21 0.0S646288 496S 
nudicaulis16 bracteata22 0.0S421041 SSS4 
nudicaulis16 brueggeriSO 0.0S901176 496S 
nudicaulis16 capixabeS 0.0S647044 SS24 
nudicaulis16 dactylina 0.0S118069 291 
nudicaulis16 haltonii12 0.0S12094S 12S 
nudicaulis16 lingulatal 0.04161S11 17S 
strobilinal aleniil 0.00S08906 26 
strobilinal angustifolia19 0.0184606S S06 
strobilinal angustifolia22 0.01S86768 S19 
strobilinal bicolorlO 0.01028S17 48SS 
strobilinal bromefolia21 0.01S217S9 47S1 
strobilinal bracteata22 0.01290S99 SSS7 
strobilinal brueggeriSO 0.0229879 47S1 
strobilinal capixabeS 0.01SSS801 SSOO 
strobilinal dactylina 0.00S08906 26 
strobilinal haltonii12 0.01021297 200 
strobilinal lingulatal 0.02S497S8 14S 
strobilinal nudicaulis16 0.0SS78428 S09 
mexicanal aleniil 0.007709SS 2S 
mexicanal angustifolia19 0.010SSS79 284 
mexicanal angustifolia22 0.0079S212 296 
mexicanal bicolorlO 0.00S11976 48S4 
mexicanal bromefolia21 0.01267887 4770 
mexicanal bracteata22 0.01S0S842 SSS7 
mexicanal brueggeriSO 0.0127SS1 4770 
mexicanal capixabeS 0.00771017 SSI9 
mexicanal dactylina 0.0076SS06 2S 
mexicanal haltonii12 0 18S 
mexicanal lingulatal 0.01SS0612 12S 
mexicanal nudicaulis16 0.0S12094S 287 
mexicanal strobilinal 0.01021297 2S 
219 
Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
mexicana13 aleniil 0.00767263 182 
mexicana13 angustifolia19 0.01060318 126 
mexicana13 angustifolia22 0.00706203 142 
mexicana13 bicolorlO 0.00613861 4060 
mexicana13 bromefolia21 0.01260768 4840 
mexicana13 bracteata22 0.01306078 3440 
mexicana13 brueggeri30 0.012774 4840 
nnexicana13 capixabeS 0.00771081 6407 
mexicana13 dactyiina 0.00766306 182 
mexicana13 haltonii12 0 1 
mexicana13 lingulatal 0.01634302 60 
mexicana13 nudicaulis16 0.03127121 123 
mexicana13 strobilinal 0.01021207 204 
mexicana13 mexicanal 0 184 
penduliflora21 aleniil 0.01026036 300 
pencluliflora21 angustifoiiaig 0.01310308 14 
penduliflora21 angustifoiia22 0.01060231 4 
penduliflora21 bicolorlO 0.00768826 6008 
penduliflora21 bromefolia21 0.0162302 4083 
penduliflora21 bracteata22 0.01660741 3314 
penduliflora21 brueggeri30 0.01630612 4083 ' 
penduliflora21 capixabeS 0.01026110 6643 
penduliflora21 dactyiina 0.01020408 300 
penduliflora21 haltonii12 0.00266102 141 
penduliflora21 lingulatal 0.01786714 180 
penduliflora21 nudicaulis16 0.02866742 22 
penduliflora21 strobilinal 0.0127676 18 
penduliflora21 mexicanal 0.00266102 206 
penduliflora21 mexicanal3 0.00266102 130 
penduliflora23 aleniil 0.01281137 316 
penduliflora23 angustifoiiaig 0.01674604 43 
penduliflora23 angustifoiia22 0.01314627 26 
penduliflora23 bicolorlO 0.01027404 6123 
penduliflora23 bromefolia21 0.01781706 6011 
penduliflora23 bracteata22 0.0181036 3286 
penduliflora23 brueggeri30 0.01786714 6011 
penduliflora23 capixabeS 0.01281221 6670 
penduliflora23 dactyiina 0.0127561 316 
penduliflora23 haltonii12 0.00610204 166 
penduliflora23 lingulatal 0.02040816 200 
penduliflora23 nudicaulisIS 0.03120043 62 
penduliflora23 strobilinal 0.01631046 48 
penduliflora23 mexicanal 0.00610204 308 
penduliflora23 mexicanal3 0.00610204 164 
penduliflora23 penduliflora21 0.00266102 30 
pubescensi aleniil 0 23 
220 
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Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
tonduzii strobilinal 0.02555624 145 
tonduzii mexicanal 0.01532031 123 
tonduzii mexicana13 0.01537563 60 
tonduzii penduliflora21 0.01275774 189 
tonduzii penduliflora23 0.01019579 209 
tonduzii pubescensi 0.02311574 123 
tonduzii tiliandsioides2 0.01307727 176 
veitchiil aleniil 0.01800159 298 
veitchiil angustifolia19 0.0052977 26 
veitchiil angustifoiia22 0.00267773 37 
veitchiil bicolorlO 0.01022192 5078 
veitchiil bromefoiia21 0.01525722 4960 
veitchiil bracteata22 0.02340806 3337 
veitchiil brueggeri30 0.01787511 4960 
veitchiil capixabeS 0.00255102 5521 
veitchiil dactylina 0.01792656 298 
veitchiil haltonii12 0.01277282 128 
veitchiil lingulatal 0.00767065 181 
veitchiil nudicaulis16 0.03658199 15 
veitchiil strobilinal 0.02046153 317 
veitchiil mexicanal 0.01277282 295 
veitchiil mexicanal3 0.01281033 125 
veitchiil penduliflora21 0.01534131 33 
veitchiil penduliflora23 0.01789257 62 
veitchiil pubescensi 0.01800159 295 
veitchiil tillandsioides2 0.00790553 21 
veitchiil tonduzii 0.01024954 181 
tayonensis aleniil 0.02815713 1456 
tayonensis angustifolia19 0.01579968 1489 
tayonensis angustifolia22 0.01847029 1503 
tayonensis bicolorlO 0.02302956 4188 
tayonensis bromefolia21 0.03291596 3883 
tayonensis bracteata22 0.03364408 4579 
tayonensis brueggeri30 0.03061225 3883 
tayonensis capixabeS 0.01547904 4482 
tayonensis dactylina 0.02806122 1456 
tayonensis haltonii12 0.02040816 1417 
tayonensis lingulatal 0.02040816 1427 
tayonensis nudicaulislG 0.03907029 1478 
tayonensis strobilinal 0.03056921 1475 
tayonensis mexicanal 0.02040816 1478 
tayonensis mexicanal3 0.02044652 1418 
tayonensis penduliflora21 0.02295918 1499 
tayonensis penduliflora23 0.0255102 1528 
tayonensis pubescensi 0.02815713 1478 
tayonensis tillandsioides2 0.01579968 1485 
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Genetic Geographic 
Taxa 1 Taxa2 Distance Distance 
tayonensis tonduzii 0.02298827 1427 
tayonensis veitchiil 0.01789209 1467 
warsii aleniil 0.01543621 5359 
warsii angustifolia19 0.00791431 5585 
warsii angustifolia22 0.00532501 5602 
warsii bicolorIG 0.01033602 783 
warsii bromefolia21 0.01547376 637 
warsii bracteata22 0.02091165 8911 
warsii brueggeri30 0.01536366 637 
warsii capixabeS 0.00257069 88 
warsii dactylina 0.01543549 5359 
warsii haltonii12 0.01031831 5460 
warsii lingulatal 0.01026162 5427 
warsii nudicaulisIB 0.03909178 5579 
warsii strobilinal 0.0179411 5358 
warsii mexicanal 0.01031831 5377 
warsii mexicana13 0.01030652 5463 
warsii penduliflora21 0.01286933 5599 
warsii penduliflora23 0.01542035 5626 
warsii pubescensi 0.01543621 5377 
warsii tillandsioides2 0.00791431 5583 
warsii tonduzii 0.01034351 5427 
warsii veitchiil 0.00515755 5576 
warsii tayonensis 0.01292802 4520 
Relative Rate Test Inputfile Parameters 
Relative Rate Test Input Parametersfor Concatenated data set 
#automatically generated command file for RRTree 
file of aligned sequences:concatenatedS.nxs 
format: nexus 
lineages:36 
#lineage affectation ofsequences 
allenii2:1 
alleniiS:2 
angustifolia19:3 
angustifolia22:4 
angustifolia31:5 
bicolor:6 
burlemarxii:7 
bromelifolia:8 
bracteata15:9 
bracteata22: 10 
bruggerill: 11 
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chantinii35; 12 
capixabeS:13 
dactylina; 14 
dactylina13: 15 
germinyana:16 
haltoniil: 17 
lingulatal; 18 
Iingulata2: 19 
magdalenae;20 
mexicana:21 
mariaereginae:22 
nudicaulis;23 
nudicaulisIB;24 
pabstii32;25 
penduilflora21:26 
penduliflora23:27 
pubescensi:28 
setigera:29 
tillandsioidesi;30 
tonduzii:31 
veitchii2: 32 
tayonensis:33 
warsii:34 
corallina;35 
smithii4:36 
beuckeri:0 
#lineage names 
outgroup: beuckeri 
lineagei; allenii2 
Iineage2; allenii3 
Iineage3: angustifolia19 
Iineage4; angustifolia22 
Iineage5; angustifolla31 
lineageB; bicolor 
Iineage7; burlemarxii 
iineage8; bromelifoiia 
lineageO: bracteata15 
lineagei0; bracteata22 
lineagei1: bruggerill 
lineagei2: chantinii35 
lineagei3;capixabe5 
lineagei4: dactylina 
lineagei5: dactylina13 
lineagei6:germinyana 
lineagei7: haltoniil 
lineagei8; lingulatal 
lineagei9: Iingulata2 
Iineage20; magdalenae 
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Iineage21: mexicana 
Iineage22: mariaereginae 
Iineage23; nudicaulis 
Iineage24; nudicaulis16 
Iineage25; pabstji32 
Iineage26; penduilflora21 
Iineage27; penduliflora23 
Iineage28; pubescensi 
Iineage29: setigera 
Iineage30; tillandsioidesi 
Iineage31:tonduzii 
Iineage32: veitchii2 
Iineage33:tayonensis 
lineage34: warsii 
iineage35; corallina 
Iineage36:smithii4 
sequence type: nc 
topology: 1 
threshold:0 
outtext file: concattextl 
outtable file: concattablel 
distance: k2 
verbose: 1 
Input Parametersfor Relative Rate Testsfor ITS2 
#automatically generated command file for RRTree 
file of aligned sequences: ITS2wordfile.nxs 
format: nexus 
lineages:27 
#lineage affectation ofsequences 
bromefolia21: 1 
nudicaulis16:2 
strobilinal:3 
capixabeS:4 
comosus:0 
tillandsioides2:5 
aleniil:6 
mexicana1:7 
karatas:8 
brueggeri30:9 
tonduzii: 10 
angustifolia19: 11 
dactylina13: 12 
penduliflora21: 13 
smithii4: 14 
pubescensi:15 
penduliflora23: 16 
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veitchiil: 17 
bracteata22: 18 
warsii: 19 
mexicanalS:20 
lingulatal:21 
pubescens2:22 
angustifolia22:23 
tayonensis:24 
bicolorl0:25 
dactylina:26 
haltonii12:27 
#lineage names 
outgroup;comosus 
lineagel: bromefolia21 
Iineage2; nudicaulislG 
lineageS:strobilinal 
Iineage4; capixabeS 
lineageS:tillandsioldes2 
lineageB: alenlil 
Iineage7: mexicanal 
lineageS: karatas 
lineageO: brueggeriSO 
lineagel0:tonduzii 
lineagel1: angustifolia19 
lineagel2:dactylinalS 
lineagel3: penduliflora21 
lineagel4: smithii4 
lineagel5: pubescensi 
lineagel6: penduliflora23 
lineagel7: veitchiil 
lineagel8: bracteata22 
lineagel9: warsii 
Iineage20: mexicanal3 
Iineage21: lingulatal 
Iineage22: pubescens2 
Iineage23: angustifolia22 
Iineage24:tayonensis 
Iineage25: bicolorl0 
Iineage26: dactylina 
Iineage27: haltonii12 
sequence type: nc 
topology:0 
threshold:0 
outtext file: its2 
outtable file: its2table 
distance: k2 
verbose: 1 
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OUTPUT FILES 
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Model Test Outputfor matK data set 
HIERARCHICAL LIKELIHOD RATIO TESTS(hLRTs) 
Confidence level =0.01 
Equal basefrequencies 
Null model= JC 
Alternative model= F81 
2(lnL1-lnL0)= 146.7874 
P-value = <0.000001 
TI=Tv 
Null model= F81 
Alternative model= HKY 
2(lnL1-lnL0)= 25.2188 
P-value = <0.000001 
Equal Ti rates 
Null model= HKY 
Alternative model= TrN 
2(lnL1-lnL0)= 0.1648 
P-value= 0.684780 
Equal Tv rates 
Null model= HKY 
Alternative model= K81uf 
2(lnL1-lnL0)= 4.7932 
P-value= 0.028572 
Equal rates among sites 
Null model-HKY 
Alternative model= HKY+G 
2(lnL1-lnL0)= 22.3445 
-InLO = 1624.2948 
-InLI = 1550.9011 
df=3 
-InLO = 1550.9011 
-InLI = 1538.2917 
df= 1 
-InLO = 1538.2917 
-InLI = 1538.2094 
df= 1 
-InLO = 1538.2917 
-InLI = 1535.8951 
df= 1 
-InLO = 1538.2917 
-InLI = 1527.1195 
df= 1 
Using mixed chi-square distribution 
P-value= 0.000001 
No Invariable sites 
Null model= HKY+G -InLO = 1527.1195 
Alternative model= HKY+I+G -InLI = 1525.6274 
2(lnL1-lnL0)= 2.9841 df=1 
Using mixed chi-square distribution 
P-value = 0.042042 
Model selected: HKY+G 
-InL = 1527.1195 
K = 5 
Basefrequencies: 
freqA= 0.3114 
freqC= 0.1640 
freqG = 0.1393 
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freqT = 0.3852 
Substitution model: 
Ti/tv ratio = 1.5751 
Among-site rate variation 
Proportion of invariable sites=0 
Variable sites(G) 
Gamma distribution shape parameter= 0.0106 
PAUP*Commands Block: If you wantto implementthe previous estimates as likelihod 
settings in PAUP*,attach the next block ofcommands after the data in yourPAUP 
file: 
[! 
Likelihood settingsfrom best-fit model(HKY+G)selected by hLRT in Modeltest 3.7 on 
Thu Jan 18 16:05:392007 
] 
BEGIN PAUP; 
Lset Base=(0.31140.16400.1393) Nst=2 TRatio=1.5751 Rates=gamma 
Shape=0.0106 Pinvar=0; 
END; 
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Modeltest Outputfor rps16 Data Set 
HIERARCHICAL LIKELIHOD RATIO TESTS(hLRTs) 
Confidence level =0.01 
Equal basefrequencies 
Null model= JC 
Alternative model= FBI 
2(lnL1-lnL0)= 118.0874 
P-vaiue = <0.000001 
Ti=Tv 
Null model= FBI 
Alternative model= HKY 
2(lnL1-lnL0)= 8.0786 
P-value= 0.004479 
Equal Ti rates 
Null model= HKY 
Alternative model= TrN 
2(lnL1-lnL0)= 0.2036 
P-value= 0.651820 
Equal Tv rates 
Null model= HKY 
Alternative model= KBIuf 
2(lnL1-lnL0)= 1.2588 
P-value = 0.261880 
Equal rates among sites 
Null model= HKY 
Alternative model= HKY+G 
2(lnL1-lnL0)= 7.9839 
-InLO = 1757.8961 
-InLI = 1698.8524 
df=3 
-InLO = 1698.8524 
-InLI = 1694.8131 
df=1 
-InLO = 1694.8131 
-InLI = 1694.7113 
df=1 
-InLO = 1694.8131 
-InLI = 1694.1837 
df=1 
-InLO = 1694.8131 
-InLI = 1690.8212 
df=1 
Using mixed chi-square distribution 
P-value = 0.002360 
No Invariable sites 
Null model= HKY+G -InLO = 1690.8212 
Alternative model= HKY+I+G -InLI = 1690.7173 
2(lnL1-lnL0)= 0.2078 df=1 
Using mixed chi-square distribution 
P-value = 0.324263 
Model selected: HKY+G 
-InL = 1690.8212 
K = 5 
Basefrequencies: 
freqA = 0.3595 
freqC= 0.1469 
freqG = 0.1892 
230 
freqT = 0.3044 
Substitution model: 
Ti/tv ratio = 1.0043 
Among-site rate variation 
Proportion of invariable sites=0 
Variable sites(G) 
Gamma distribution shape parameter= 0.1165 
PAUP*Commands Block: If you wantto implementthe previous estimates as likelihod 
settings in PAUP*,attach the next block ofcommands after the data in your PAUP 
file: 
[! 
Likelihood settingsfrom best-fit model(HKY+G)selected by hLRT in Modeltest 3.7 on 
Mon Jan 29 16:23:172007 
] 
BEGIN PAUP; 
Lset Base=(0.35950.14690.1892) Nst=2 TRatio=1.0043 Rates=gamma 
Shape=0.1165 Pinvar=0; 
END; 
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Modeltest Outputfor ITS2 dataset 
* * 
HIERARCHICAL LIKELIHOD RATIO TESTS(hLRTs) 
Confidence level =0.01 
Equal basefrequencies 
Null model=JC 
Alternative model= FBI 
2(lnL1-lnL0)= 96.3403 
P-value = <0.000001 
Ti=Tv 
Null model= FBI 
Alternative model= HKY 
2(lnL1-lnL0)= 17.4067 
P-value= 0.000030 
Equal Ti rates 
Null model= HKY 
Alternative model= TrN 
2(lnL1-lnL0)= 1.7179 
P-value= 0.189964 
Equal Tv rates 
Null model= HKY 
Alternative model= KBIuf 
2(lnL1-lnL0)= 1.8717 
P-value = 0.171280 
Equal rates among sites 
Null model= HKY 
Alternative model= HKY+G 
2(lnL1-lnL0)= 68.9058 
-InLO = 1033.1378 
-InLI =984.9677 
df=3 
-InLO =984.9677 
-InLI =976.2643 
df=1 
-InLO =976.2643 
-InLI =975.4053 
df=1 
-InLO =976.2643 
-InLI =975.3284 
df=1 
-InLO =976.2643 
-InLI =941.8114 
df=1 
Using mixed chi-square distribution 
P-value= <0.000001 
No Invariable sites 
Null model= HKY+G -InLO =941.8114 
Alternative model= HKY+I+G -InLI =934.2100 
2(lnL1-lnL0)= 15.2029 df=1 
Using mixed chi-square distribution 
P-value = 0.000048 
Model selected: HKY+I+G 
-InL = 934.2100 
K = 6 
Basefrequencies: 
freqA= 0.1717 
freqC= 0.3418 
freqG = 0.3856 
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freqT= 0.1009 
Substitution model: 
Ti/tv ratio = 1.5152 
Among-site rate variation 
Proportion of invariable sites(I)= 0.7521 
Variable sites(G) 
Gamma distribution shape parameter= 0.6931 
PAUP*Commands Block: If you wantto implementthe previous estimates as likelihod 
settings in PAUP*,attach the next block ofcommands after the data in your PAUP 
file: 
[! 
Likelihood settingsfrom best-fit model(HKY+I+G)selected by hLRT in Modeltest 3.7 
on Wed Feb 711:03:172007 
] 
BEGIN PAUP; 
Lset Base=(0.17170.34180.3856) Nst=2 TRatio=1.5152 Rates=gamma 
Shape=0.6931 Pinvar=0.7521; 
END: 
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Modeltest Outputfor Concatenated Chloroplast Data set 
* * 
HIERARCHICAL LIKELIHOD RATIO TESTS(hLRTs) 
Confidence level = 0.01 
Equal basefrequencies 
Null model= JC 
Alternative model= FBI 
2(InL1-lnL0)= 239.8267 
P-value= <0.000001 
Ti=Tv 
Null model= FBI 
Alternative model= HKY 
2(lnL1-lnL0)= 24.8965 
P-value= <0.000001 
Equal Ti rates 
Null model= HKY 
Alternative model= TrN 
2(lnL1-lnL0)= 1.3320 
P-value = 0.248444 
Equal Tv rates 
Null model= HKY 
Alternative model= K81uf 
2(lnL1-lnL0)= 5.8662 
P-value = 0.015434 
Equal rates among sites 
Null model= HKY 
Alternative model= HKY+G 
2(lnL1-lnL0)= 40.6772 
-InLO = 3393.2651 
-InLI =3273.3518 
df=3 
-InLO =3273.3518 
-InLI =3260.9036 
df=1 
-InLO = 3260.9036 
-InLI =3260.2375 
df=1 
-InLO = 3260.9036 
-InLI = 3257.9705 
df=1 
-InLO =3260.9036 
-InLI = 3240.5649 
df=1 
Using mixed chi-square distribution 
P-value= <0.000001 
No Invariable sites 
Null model= HKY+G -InLO = 3240.5649 
Alternative model= HKY+I+G -InLI = 3238.0698 
2(lnL1-lnL0)= 4.9902 df=1 
Using mixed chi-square distribution 
P-value= 0.012745 
Model selected: HKY+G 
-InL = 3240.5649 
K = 5 
Basefrequencies: 
freqA = 0.3351 
freqC= 0.1569 
freqG= 0.1648 
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freqT = 0.3432 
Substitution model: 
Ti/tv ratio = 1.1205 
Among-site rate variation 
Proportion of invariable sites =0 
Variable sites(G) 
Gamma distribution shape parameter= 0.0160 
P/^UP*Commands Block: If you wantto implementthe previous estimates as likelihod 
settings in PAUP*,attach the next block ofcommands after the data in your PAUP 
file: 
[! 
Likelihood settingsfrom best-fit modei(HKY+G)selected by hLRT in Modeltest 3.7 on 
Thu Feb 1 13:41:222007 
] 
BEGIN PAUP; 
Lset Base=(0.3351 0.15690.1648) Nst=2 TRatio=1.1205 Rates=gamma 
Shape=0.0160 Pinvar=0; 
END; 
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Modeltest Outputfor data set with all three loci concatenated 
HIERARCHICAL LIKELIHOD RATIO TESTS(hLRTs) 
Confidence level =0.01 
Equal basefrequencies 
Null model=JC 
Alternative model= F81 
2(lnL1-lnL0)= 89.7227 
P-value = <0.000001 
Ti=Tv 
Null model= F81 
Alternative model= HKY 
2(lnL1-lnL0)= 90.3760 
P-value = <0.000001 
Equal Ti rates 
Null model = HKY 
Alternative model= TrN 
2(lnL1-lnL0)= 1.8086 
P-value = 0.178677 
Equal Tv rates 
Null model= HKY 
Alternative model= K81uf 
2(lnL1-lnL0)= 0.2783 
P-value= 0.597804 
Equal rates among sites 
Null model= HKY 
Alternative model= HKY+G 
2(lnL1-lnL0)= 565.5420 
-InLO =5627.7979 
-InLI =5582.9365 
df=3 
-InLO =5582.9365 
-InLI =5537.7485 
df=1 
-InLO =5537.7485 
-InLI =5536.8442 
df=1 
-InLO =5537.7485 
-InLI =5537.6094 
df=1 
-InLO =5537.7485 
-InLI =5254.9775 
df=1 
Using mixed chi-square distribution 
P-value= <0.000001 
No Invariable sites 
Null model= HKY+G -InLO =5254.9775 
Alternative model= HKY+I+G -InLI =5080.7104 
2(lnL1-InLO)= 348.5342 df= 1 
Using mixed chi-square distribution 
P-value= <0.000001 
Model selected: HKY+I+G 
-InL = 5080.7104 
K = 6 
Basefrequencies: 
freqA = 0.3009 
freqC = 0.2035 
freqG= 0.2155 
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freqT = 0.2801 
Substitution model; 
Ti/tv ratio = 1.4662 
Among-site rate variation 
Proportion of invariable sites(I)= 0.8605 
Variable sites(G) 
Gamma distribution shape parameter= 0.4059 
PAUP*Commands Block: If you wantto implementthe previous estimates as likelihod 
settings in PAUP*,attach the next block ofcommands after the data in your PAUP 
file: 
[! 
Likelihood settingsfrom best-fit model(HKY+I+G)selected by hLRT in Modeltest 3.7 
on Mon Feb 12 13:26:392007 
] 
BEGIN PAUP; 
Lset Base=(0.30090.20350.2155) Nst=2 TRatio=1.4662 Rates=gamma 
Shape=0.4059 Pinvar=0.8605; 
END; 
Mantel Test Output File for ITS2 
PROGRAM MANTEL with permutation test 
Development version 4.0 by Philippe Casgrain 
DZpartementde Sciences Biologiques, UniversitZ de MontrZal, 
0.P.6128,succursale OCentre-villeO, MontrZal,QuZbec H3C 3J7. 
Matrix A:itsgeodistmatrix.tE(converted) 
Title:s 
Date:3/21/07 
Function: D(Import) 
23objects(23included),0descriptors 
Matrix B:itsgendisttabdelimE(converted) 
Title:s 
Date:3/21/07 
Function: D(Import) 
23objects(23 included),0 descriptors 
¥ One-tailed test, left or right depending on the sign ofthe original value ofthe 
statistic. 
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¥ Probabilities are significant when close to zero; OperO means permuted value, 
6ori6 original value. 
¥ The original statistic is added to the number ofequal values(left or right depending 
on its sign)following Hope(1968). 
Computations details: 
Reference value ofthe Mantel r statistic: 0.017771 
Number of permutations:9999 
Distribution of permuted values: 
per<-|ori| per=-|ori| -|ori|<per<|ori| per=|ori| |ori|<per 
5112 0 880 1 4007 
Probability thatthe data conform to HO:0.400800 
Mantel's t approximation:0.121106 
Approximation's probability:0.451803 
Mantel Test Output File for matK 
PROGRAM MANTEL with permutation test 
Development version 4.0 by Philippe Casgrain 
DZpartementde Sciences Biologiques, UniversitZ de MontrZal, 
C.P.6128,succursale OCentre-villeO, MontrZal,QuZbec H3C 3J7. 
Matrix A: matkgentabdelimmatE(converted) 
Title:s 
Date:3/21/07 
Function: D(Import) 
42objects(42 included),0descriptors 
Matrix B: matkrpsgeodistmatrE(converted) 
Title:s 
Date:3/21/07 
Function: D(Import) 
42objects(42 included),0 descriptors 
¥ One-tailed test, left or right depending on the sign ofthe original value ofthe 
statistic. 
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¥ Probabilities are significant when close to zero; OperO means permuted value, 
OoriO original value. 
¥ The original statistic is added to the number ofequal values(left or right depending 
on its sign)following Hope(1968). 
Computations details: 
Reference value ofthe Mantel r statistic:-0.071939 
Number of permutations:9999 
Distribution of permuted values: 
per<-|ori[ per=-|ori| -|ori|<per<|ori| per=|ori| |ori|<per 
2560 1 4832 0 2587 
Probability thatthe data conform to HO:0.258100 
Mantel's t approximation:-0.663862 
Approximation's probability:0.253389 
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Mantel Test Output File for rps16 
PROGRAM MANTEL with permutation test 
Development version 4.0 by Philippe Casgrain 
DZpartementde Sciences Biologiques, UniversitZ de MontrZal, 
0.P.6128,succursale OCentre-villeO, MontrZal,QuZbec H3C 3J7. 
Matrix A:dabdelimrps16gendiE(converted) 
Title:s 
Date:3/21/07 
Function: D(Import) 
42objects(42 included),0descriptors 
Matrix B: matkrpsgeodistmatrE(converted) 
Title:s 
Date:3/21/07 
Function:D(Import) 
42objects(42 included),0descriptors 
¥ One-tailed test, left or right depending on the sign ofthe original value ofthe 
statistic. 
¥ Probabilities are significant when close to zero; OperO means permuted value, 
OoriO original value. 
¥ The original statistic is added to the number ofequal values(left or right depending 
on its sign)following Hope(1968). 
Computations details: 
Reference value ofthe Mantel r statistic:0.121148 
Number of permutations:9999 
Distribution of permuted values: 
per<-|ori| per=-|ori| -|ori|<per<|ori| per=|ori| |ori|<per 
872 0 8193 1 934 
Probability that the data conform to HO:0.093500 
Mantel's t approximation: 1.336045 
Approximation's probability:0.090767 
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